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PREFACE TO THE FIFTH EDITION. 


That a fifth edition of this work has been called for notwithstanding 
the set-back of the Great War is most gratifying, and my Pubhshers 
with then customary thoroughness have undertaken the resetting of 
the work throughout so as to include the results of the large amount 
of important research which has been accomphshed during the past 
decade, and for this I thank them, as it is scarcely possible that 
I shall be privileged to revise for any further edition. 

To keep the book withm reasonable compass, it has been neces- 
sary to condense the amount of recent progress, relating, for 
example, to the thepnes of fermentation and the description of 
the numerous new species of mioro-orgamsms. In many oases it 
IS not yet possible to put these in systematic order, because the 
specific characters given m the hterature are not always exhaustive 
The descriptions I give will at any rate show the great multiplicity 
of races which is charactenstio of this class of lower organisms 

The scope of the book being more particularly to give an account 
of microbiological science in its bearings on the fermentation m- 
dustnes, m several of which an important evolution has been 
gomg on dunng these years, the chapters dealing with the pract%cal 
apphcation of scientific observations and facts had to be re-arranged 
and treated more extensively , this is more particularly true of 
these relatmg to the nutation of yeast and the use of pure cultures 
in various mdustnes. 

After my manuscript was completed at the end of 1923, my friend, 
Mr S. H Davies, greatly obhged me by submitting the same to 
a thorough hnguistic revision, for which I tender him my smoerest 
thanks. 

ALFRED JORGENSEN. 


OoPENHAGBN, January ^ 1925 




PEEFACE TO THE FOURTH EDITION. 


The first edition of this work was issued m the form of a text-book 
in 1886 It was the first attempt to express the biological signi- 
ficance of the science of fermentation and of the fermentation 
industry, a field where the chemical pomt of view had hitherto 
pie vailed 

I was induced to give this form to my work by the fact that 
in 188JL I had estabhshed an mstitute in which my first aim was to 
treat the problems of the fermentation mdustries from a micro- 
biological point of view This necessitated a short coui^e for 
technologists and chemists who wished to study the science of 
fermentation on new Imes, and as both older and younger students 
were attracted to my laboratory, the subject-matter had to be 
aiTanged so that the book coxdd serve as a guide, even to those 
who had no special preliminary knowledge During my co-operation 
with E C Hansen m that early period, the principles of the practical 
application of pure cultures were broadly outlmed, and accordingly 
an explanation of the prmciples underlymg the resultmg technical 
reforms formed the essence of the treat] se The new editions which 
appeared m rapid succession, showed that the attempt had been 
successful At the same time, I had the good fortune to introduce 
into breweries m many countries properly selected pme cultures 
of bottom yeasts, foUowmg the precedent of E C Hansen, who 
shortly before had introduced similar yeasts into the Carlsberg 
Brewery m Copenhagen At this early stage, I successively de- 
scribed pure cultures of yeast types which are used m other branches 
of the fermentation industry, and I introduced them mto top- 
fermentation brewenes, as weU as into distilleries, yeast factories, 
fruit-wme factoiies, etc Thus a beginmng was made m the appli- 
cation of this new principle to new fields of mdustry Consequently, 
to keep pace with these developments, together with the results 
of research in the science of fermentation, my book had to be so 
IfU'gely modified that each new edition became to some extent 
a new book, whilst the growmg mass of material considerably 
mcreased the size of the book Having to keep withm oertam 
hmits, I was reluctantly compelled to leave vanous problems 
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undiflcussed On the other hand, repetition could not always bo 
avoided, when similax subjects were disouBsed in different sections 
Among the many new questions demanding fuller treatment 
in this, the fourth Enghsh edition, I may specially mention the 
fermentation of milk and other dairy products , the enzymes, 
and the conditions of yeast nutriment As regards the technical 
part of the work, a new section deals with methods of cleansing 
and disinfection m the fermentation mdustry, and the section 
dealing with the apphcation of pure cultures to the various brandies 
of the fermentation mdustry has been considerably enlarged In 
its present form the book will, I hope, serve as a manual, not only 
to zymo-technologists, but also to analysts and physiologists 

Eor convenience, the old names of yeast species have boon 
retained along with the new, in the systematic treatment given 
in the fifth chapter 

As the work is concerned with the micro-organisms of tlie 
fermentation iTid/ustry, due regard has been paid to the practical 
apphcation of research work, and the description of both useful 
and mjunous species has received special attention The classi- 
fication of the yeasts has been partially based on the same require- 
ments The descnption of each species emphasises those character- 
istics that are of special importance to the industry. 

I am glad to take the opportumty of expressing my thanks 
to the head of the students* department m my laboratory, Herr 
C Holm, the systematic part of Chap v, together with the 
very' full bibhography, are essentially his work 

Finally, I wish to express my warm thanks to many authors 
who have kmdly sent me reprints of their published works I 
regret that the lunited extent of my book has m many cases pre- 
vented me from making use of valuable pubhcations 

ALFRED JORGENSEN 

CoEBHEAcmff, J'awtwify,|1909 ♦ 

ahort ci the most important praotioal oonditions fouAd m the 

^^entatioii industry and m the laboratory is to be found m my shoit work, Pfacttcal 
Management of Pure Teaat ' London. 1903 
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MICRO-ORGANISMS AND FERMENTATION. 


CHAPTER I. 

MICROSCOPICAL AND PHYSIOLOGICAL EXAMINATION. 

1 Microscopical Preparations, Staining, and 
Microchemical Examination.' 

Thb Microscope mil always be the chief means for mTestigating 
micro-organisms, for these are, as mdividuals, almost always m- 
visible to the naked eye. 

The microscope is made up of a mechanical 
and an optical ]^t The mechanical part, or 
stand, consists of the foot, the stage, the tube 
oairying the lenses, and the adjustment for 
legulat^ the distance between the lens and 
the object lying on the stage The adjust- 
ment IS partly " coaise (a soiew engaging 
m a toothed gear attached to the tube) wherebj'' 
the tube can be rapidly raised oi loweied, 
partly fine (a finely cut screw) by means 
of which the tube can be gradually raised or 
lowered, after finding the object with the 
coarse adjustment The tube commonly 
consists of two telescoping parts A table, 
which usually aocompamea the mstrument 
and gives the scale of magmfiioation, lecords 
the corrospondmg length of tube either m 
millimetres (usually 180 mm ) oi m mches 
(usually 10 mohes) 

The optical part consists of the lenses and 
illuminatmg apparatus (a minor and Abbd 
condenser) 

The lenses form tho most important part 
of the microscope , the system turned towards 
the eye is called the eyepiece, and that turned 
towards tho object is called tho objective 

When a bundle of paiallel rays of hght 
strikes a convex lens, the lays are refracted 

and coReot at a point on the other side of the Fig. 1. 

lens, oaUed the focus* The distance between 
this pomt and the lens is oaUed the focal distance. If a small objeot is placed on the 
stage at a shght distance beyond the focal length of the lens and lUummated by the 
mirror, the rays passing through the lens of the objective wiU not be parallel, but will 
diverge, and so form a magnified image of the object The smaller the focal length, 
the greater the magnification This real inverted and magnified maage formed by the 
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objective, vhich must faJl exactly in the focus of the eyepiece, is seou through th 
as an imagmaiy, magnified image of the picture toimea by objecUve. The w 
magiufioatioii secim^ by the microscope is, theiefore, a product ot the magniuca 
due to the objective and that due to the eyepiece The magnification is always oxpros^i 
as a luiear and not as a quadratio dimension — i e , the lelationsbip between the longtU 
of a Ime as seen through the miorosoope and its length as seen by the naked cyo 

From, any given point of the object on the stage of the microscope a bundle of rays 
may pass through the lens The angle which the outeimost rays of the bundle forai 
IS oaJQ^ the aperture. It is not customary to allow all the lays of the angular 

aperture to pass through the system of lenses which make up the objective. A larger 
or smiLlTAr number of flie penphered rays are excluded by means of diaphromns con* 
<aBting of metal discs with round apertures, which are of vanoua sizes, and fit into 
the opening on the stage In this way the actual angular apeiture of tho objootivo 
os reduced The peripheral lays would give an mdwtmot picture, but tho picture 
wofold, on the other hand, lose m clearness if too many of the outer rays wero 
excluded. 

For this reason the objective is so constructed that the aperture shall bo as groat 
as possible An ex^iession for the value o± the latter is given by tho numerical 

aperture (the sme of half the ai^ulai aperture jnub 
tiphed by the mdex of xofraotaon ot the medium 
m front of the lens — air, water, oil, eto ) 

TOien the rays of hght are refracted in the ob- 
jective some of them are immediately split up mto 
the component coloured rays, and the image shows 
coloured ^dges (chromatio aberration). To avoid 
this the objective is made up of several dlilerent 
lenses prepsured from various kmds ot glass (orown 
glass, fimt glass) which possess difieront refraotlvo 
powers It ift thus possible to prevent any indwtinoi- 
ness of outline 

To secure greater magmfication a systom of 
immersion is used, the space between the uoni lens 
of the objective, which is made of mown glass, and 
the cover-glass bemg filled with a strongly refraoUvo 
medium, watei oi oil The immeision is homogeneons 
if, as IS often the case, the oil has the same index of 
refraction as the oover-dass and the front lens. In 
this way an increase of the numoiioal ajporiuro is 
secured, and, therefore, a gieater resolving power— tho 
limit of defixntion for the smallest perceptiblo dotoils. 

The eyepiece conaistB of two lenses, the upper, 
which comes mto direct contact with the oyo, and 
the lower, called the collective lens, which coUoots 
the rays of light so that the field of vision is reduced, 
and IS, therefore, more eamly surveyed. Between 
the two lenses a diaphragm is inserted in order to 
further reduce the field oSie collective lens is also of 
importancafinseauiing, along with the upper lens, the exclusion of the coloured edgoa 
m the microsoqpioal picture ” 

The greater the curvature of the lenses m the eyepiece, the more do they magnify 
'^miage^jeoted by the objeefave, which at the same tune becomes darker and less 
uififiiict. To obtaan a well-lighted field when working with high magnifications, it is 
neoesspy to use strong objecteves and weak eyepieces 

knoTO that the lenses of the human eye alter then shape according to tho 
dirta^ of ^ objects ih&t are under observation They can accommodate tbemaolves 
^ ^ length, and thweby produce a shaip imago on the 

re^ On o^ hai^ by a reduction of the convexity the focal length la moroased 
an^^ns a dear image ot dmtant objects may be thrown on to the retiS If the eve is 
^ miorosoope must be set to suit the J&oal 




Fig‘2. 



KEOKOSOOPIOAL PKBPABATIONS. 


3 


lUuimnation, and so that the mirror can he fixed at difierent distances from the object 
For low powers the plane side of the mirror is used, for higher powers the concave side. 
With ormnary magnifications it is of importance to secure suitable illumination, as the 
eye soon tires if the light is too strong Instead of the usual diaphragm in the stage, 
an Iris diaphragm may be used, enabling the aperture to be reduced or enlarged by 
means of a number of sickle-shaped leaves shdmg over each other To give illumination 
over a large surface (6 ^ , m the examination of coloured substances), a combination of 
lenses known as a condenser is mtroduced between the mirror and the preparation 
When studymg an object the separate x)e^ of which can only be distinguished bj 
differences m there refractivity, a narrow bundle of rays must be used, and this is secured 
by placmg a diaphragm with a smaller opemng m the aperture of the stage 

The microscopical examination of the organisms of fermenta- 
tion throws hght upon them size, form, colour, the refractive indices 
of different parts of the cell, and, generally, of all those conditions 
which are the object of morphological research 

As we are dealmg with hvmg forms, we can only arrive at a 
real knowledge of them by studying t^^life con ditions, through 
biological and physiological research. ■ 

Biological research is concerned with the mvestigation of^life 
phenomena under the conditions existing m nature ; thus, such 
conditions as the distribution of single species , them occurrence , 
the numbers present m different localities at different seasons , 
them sensitiveness to hght, to heat, to the moisture of the atmdK 
sphere, etc 

Physiological research has for its object the study of the life 
history of the organism, the conditions of nourishment and pro- 
pagation It IS also concerned with the different kinds of fer- 
mentative activity, so far as these can be established by studying 
the influence of organisms on the liquids m which they are growing, 
and with the nature of the substances or forces causmg fermenta- 
tion (enz3rmes) Specially constructed apparatus is available for 
such mvostigations, and many of these Imes of research are closely 
alhed with chemical studies 

One essential condition of any exact mvestigation iuto the hfe 
history of mioro-organisms must he secured — ^the oertamty that 
we are working with a singlo’cell or with one vegetation, consisting 
of a single species, and, therefore, derived fcom one cell We shall 
see in the followmg pages how the techmque has been d!owly de- 
veloped, and how this goal has been reached, as the result of many 
soientiflo and techmeal attempts to p^are absolutely pure cultures. 

For the ordinary exanunation ofyeasts and moulds, a clear 
magnification of 600 suffices For the examination of the fine 
details of these organisms and of bacteria, higher powers are 
requmed. Although an immersion lens is of great service, it is 
not essential for ordmary teohnioal work 

It IS of real importance that the organisms of fermentation 
should be exammed, as much as possible, m a living state, and 
either m a drop of water or of a liquid m which they have been 
growing. The drop is placed on an object glass, and spread out to 
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form a thm layer, by placing a cover glass on top of it, or else tho- 
drop may be placed inside a moist chamber (described later) in 
winch the gres^h and propagation of the cells can be followed. 

Certain characters, however, of the detailed oonstruction of 
these organisms can only be detected by the use of special drying 
and stdining methods. To do this, the cells are subjected to a 
thorough treatment with concentrated dyes, some of a poisonous, 
character They are killed, and the possibility exists that tho 
characters brought out by staimng may differ somewhat from 
those of the hving cell iDr 3 nng may also modify the length and 
breadth of the bactena On the other hand, the staining process 
has explained many phenomena which were not apparent by obser- 
vation of the living cell 

Dilute dyes (e g , eosm, methylene blue) are used in the technical 
examination of yeasts to obtam an idea of the proportion between 
dead and living cells m a vegetation, since the de^ cells alone absorb 
the dye 

As an example of a method of staining, we may mstance tho 
treatment to which yeast cells are subjected in order to observe 
the cell-nucleus and its subdivision Hofimeister proceeds as 
follows — The young, vigorous yeast growth is washed several 
times with distilled water, and then before the actual staining 
it IS subjected to the process of fixing, according to one of the 
recognised methods Tor instance, the yeast is stirred up with 
Bath’s solution (consisting of a hire of a concentrated, aqueous 
solution of picric acid, together with 4 oc of glacial acetic acid 
and 1 gramme of osmio acid) , the cells are thus coloured yellow. 
Afte ailowmg the mordant to react for 24 hours, the cells arc 
again wa^ed with water, spread out m a thm layer 'on a oovor- 
glaes, md aJlowed to dry. The preparation is then treated according 
to Heidenhain’s method The oover-^S preparation is allowed 
to float m a Petri dish, on the surface of a solution containing 2 '6 per 
cent ,of iron alum , after 6 to 24 hours the cover-glass is washed 
once wifli water, and flaen placed m a 0 6 per cent, aqaeous h»ma- 
toxylm solution After a further 24 hours the cells, as seen under 
^ imorosoope, are stained deep black. They are then treated 
to a minutes with a 0-26 per cent solution of iron alum after 
w^ch ye^ cells appear colourless with violet or greyish-blaok 
The preparation is mounted m undiluted glycerine. 
One ^ the more advanced of recent workers m this field A Suillier- 
^nd, makes ^ thb method of staining just 'desonlied to prove 

J^yi^ Enns prefer the following procedure >— Tixing 
TOih a edution of iodine m potassium iodide ^nd alcohol , treatreSf 
oj^e ^ with am amniDuiai^ iron-alum solution, coloration 
Tviih atoarm P8 (Bayer & Co , . Mberfeld), and deoolorS 
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With the same alum solution. The nucleus will thus be stained 
♦dark red in a colourless plasma 

Wager likewise recommends a cautious treatment of the cells 
with Gramms solution of iodine m potassium iodide, or with a dilute 
solution of chromic acid, subsequently with alcohol, and drying 
on the object glass This method has the advantage of preserving 
the contents of the cell mtact Wager made remarkable observa- 
tions of the detailed structure of the nucleus by cutting sections 
through the cells with a microtome The coloured cells, after 
pouring off the colouring matter, were treated successively with 
methylated spirit, absolute alcohol, turpentme or xylol, and then 
fused into paraffin- wax. * 

To prove the presence of the fine hairs, which serve the bactena 
as organs of movement, the flagella or cilia, which can seldom be 
detected by direct microscopical examination of the hving bacteria, 
the following method (Loffler) is adopted — small quantity of 
a very young growth of bacteria (developed for five to eight hours 
in an mcubator) is placed in a drop of water- — ^the ordinary supply 
IS preferable to distilled water — and the contents of this drop are 
divided amongst a number of droiis of water, placed on a senes 
of carefully cleaned cover-glasses They are air-dried, and are then 
passed through a fiame m order to fix: the bactena. Care must be 
taken that the preparation is not heated too strongly The simplest 
means of avoidmg this is to hold the cover-glass between the fingers, 
and not to heat it more strongly than they can bear A large drop 
of a mordant is now spread over the heated cover-glass The 
mordant, which is apphed to render the bacteria absorbent to the 
actual stam, consists of 10 c c of tanme acid solution (20 per cent.) 
mixed with 6 o c, of a cold saturated ferrous sulphate solution 
and 1 c c of a saturated aqueous or alcohohc fuchsme solution. 
The cover-glass is warmed for about half a minute until steam is 
gi^n off, but violent boiling must be avoided ' The preparation 
IS washed with a powerful stream of distilled water, and afterwards 
with absolute alcohol until the cover-glass is clear, and only the 
spot on which the water drop has been evaporated appears cloudy 
The staining fluid is now poured over the surface of the cover- 
glass It consists of a neutral saturated fuchsme solution m anihne. 
The preparation is warmed agam for a mmute until steam rises, 
washed with a stream of water, and is *then ready for examination. 
It should be noted that all motile bacteria do not show their flagella 
when they are treated with a mordant of the above composition. 
One must proceed experimentally, for some bacteria require a 
mordant to which a few drops of a 10 per cent soda solution have 
been added, whilst others require an addition of st|lph‘'^<> or acetic 
acid m place of soda. Loffler found that several of the acid-forming 
bacteria require an alkaline mordant, whereas a number of alkali- 
iormmg organisms require an aoid^mprdant. By such exact' ineanp 
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beauiafiil piotures have been obtained, which show that baotpria 
are supplied with these organs of movement arranged in various 
ways , they often cover the whole surface of the cell. A Himilar 
treatment brings out clearly the coating of slime which, for lustaucp, 
surrounds the cells of acetic acid bacteria, hut is invisible in an 
ordinary microscopical examination. 

In the method devised by Carsares-Gil, which has proved of 
value, he first prepares a solution by mixing up in a mortar 10 g. 
of tannic acid and 18 g. of moist aluminium chloride with 30 o.o. of 
alcohol (70 per cent ). To this is afterwards added, drop hy drop, 
a solution of 10 g. zanc chloride in 10 c.c water and I’R g. of I’os- 
amlme hydrochloride The solution thus' obtamed is kept lu a dark 
place One part of this solution is mixed with four times as muoli 
water, allowed to stand for a minute, and filtered. The preparation, 
fixed on the object- or cover-glass, is covered with the solution 
for a mmute and washed with plenty of water The jOiagolla are 
thus stained, and the bacteria may be stained aftorwards witli 
methylene blue or carhol fuchaine. 

Zfires {Allgem Zeitsohr. f Bierbr., Vienna, 1910) obtained 
favourable results by a combmation of Lbffler’s mordant and van 
Ermengen's silvering process. As a mordant he uses I) o.c. of a 
concentrated solution of ferrous sulphate (free from hydrate), 
which he adds, drop by drop, to a solution of 8 parts of tannic aohl 
in 2 parts of water This hquid, at atmospheric temporaturo, is 
poured over the preparation m the course of one and a half minutes, 
then washed off, and the preparation immersed for a few seconds 
in a 0*26 to 0*6 per cent silver-mtrate solution, and subsequontly 
for a few seconds m a solution of 6 g gallio acid, 3 g. tannic acid, 
10 g. potass acetate, and 360 c o. water. The preparation is again 
transferred to the silver solution, and eventually to the tannic 
acid solution, until the bactenail layer begins to turn brown. 

Another method often employed consists m fixing with a mixture 
of chromic, osmio, and acetic acids, and stammg with fcaro-lwonm- 
toxyhn. 


The so-called Gram-stainmg is effected as follows After 
fixing the bacteria on the cover-glass hy cautiously drying over a 
flame, the preparation is treated with gentian violet, mothyicno 
vioM or Victoria blue for one to three uunutes, and after washinir 
TOth wato, a solution of iodine in potass, iodide is added aiul 
aUowed to wt for two minutes, without warming. After pourinw 
off the solntion, the residue is washed with absolute aJeohd until 
no more coloi^ matter is removed The preparation ^ould 

mounted in Canada balsam, 
m baetena that are ^med are called Gram-positive, the others 
Gram-negative According to Lehmann and £umanii, and S 
to I^Imis, this rewtion is not, however, always reliable as one 
and the same species may reaot differently a<5coSmg to i4 a^ m 
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previous treatment, even individuals m one and the same pure 
culture were sometunes found to react differently. 

Neisser’s granule staining requires one of the foUovrang ■ — 


(а) Methylene blue, ... 1 ' 

Alcohol (06 per cent ), 20 

Aq diat, . . . ],000 

(ilaoial aoetio aoid, . . .50 

(б) Crystal violet, not exceeding . 1 

Alcohol, . 10 

Aq dist, . . . . 300 


In a few cases staining has proved of value m determining the 
species , this is the case with the acetic acid bacteria mvestigated 
by B 0 Hansen, Bactenum acetz, B Pastewianum, and B Kut- 
zingtanum Stainmg is most readily done by treating a vigorous 
growth with an aqueous solution of iodine m potass iodide, or an 
alcohohe solution of iodine The shme surrounding the oella of 
B aceti is coloured yellow, whereas that of the other two species 
IS coloured blue The latter reaction is brought out more clearly 
when the shme is forced out sideways by pressure on the cover- 
^ass Blue coloured flecks are thus formed, while the cells them- 
selves are either colourless or yellow. 

Photographs of micro-orgamsms are now frequently employed. 
The preparation may be &st stamed, for instance, by Ldffler’. 
method, to bring out the characteristics more sharply, and to 
remove foreign bodies Whilst the usual sketches of microscopical 
preparations are always more or less diagrammatic, omitting 
everything except the special characters it is desired to emphasise, 
micro-photography provides a more correct representation of the 
object, and has a further mcidental advantage It is well known 
that the photographic plate is sensitive to oertam chemically 
active rays of light which cannot be detected by the human eye, 
BO that photography can reproduce oertam characters of the pre- 
paration which would be entirely missed by direct observation. 
It may be anticipated that the new method of photographing by 
ultra-violet hght will bring about notable advances, for it wiU 
thus be possible to distinguish a greater number of fine character- 
istics and preparations otherwise colourless •wiU appear to be com- 
posed of differently coloured parts. 

The ultra-microscope makes it possible to distinguish small de- 
tails that are mvisible with all earher optical devices Its design is 
based upon a special method of lighting, discovered by Siedentopf 
and Zsigmondy, whereby the preparation is bnghtly illuminated with 
rays of light, falling m a direction at right angles to the axis of 
the microscope The lUummation is so arranged that a single layer 
of the preparation is ht up whilst the remainder is in shadow. 
With the help of this apparatus particles can be distmgujshed 
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of a size of four-miUionthB of a miHiTnetre (The symbol /a is used 

for ^ mm and fifi for ^ mm ) The effect of such an 

lUnmination may be realised by recal ling the well-known appoai'- 
ance of particles of dust floating m a beam of sunlight penetratmg 
into a darkened room, when the particles are viewed in a direction 
approximately at right angles to the beam of hght 

A micro-chemical exarmnation is of value for ascertaini n g the 
composition of the individual parts of a micro-organism After 
treatment of the cells with reagents, the reaction brought about, 
and especially the colour reaction, may be studied under the micro- 
scope, with a view of determmirig the chemical composition of 
the part m question. As an example the proof may be cited that 
yeast cells, in the later stages of development, contam the reserve 
food stuff, glycogen (a carbohydrate) In order to detect tins 
substance m the cell an iodine solution is added to the prepara- 
tion (2 gramn lodme, 6 grams potassium iodide, and 120 c o of 
water) The albmmnoid portion of the cell contents is thereby 
coloured bright yellow, whilst the glycogen assumes a reddish- 
brown colour. A further proof that the coloured part of the cell 
contents really consists of glycogen is obtamed by warming the 
preparation to 70° C , whereby the colour reaction of the glycogen 
disappears , on cooling down the colour reappears If the cells 
are cautiously pressed under the cover-glass, so that they burst, 
it may be observed that the brown coloured glycogen is liberated 
as a flmd mass, which quickly dissolves m the surrounding liquid 

Oil or fat globules are often found m the fully developed yeast 
cells. By the addition of 1 per cent osnuc acid they are coloured 
brown; sometiines they assume a vermilion colour with alcanna 
tmoture, and frequently they may he dissolved by treatment with 
alcohol-ether benzene, or carbon bisulphide The treatment must, 
however, be contmu^ for some time , the solution takes place 
more rapidly if the cells are crushed and the solvent brought mto 
direct contact with the globules of oil The albuminoids of the 
cellB, as already stated, are coloured yeUow, or yellowish-brown, 
with lodme , with mtric acid and ammoma they are coloured 
lemon-yeUow, and with Millon's reagent (mercuric nitrate), brick- 
red. 

In the examination of fermented hqmds mioro-chemical methods 
are used to detennme the character of ahy suspended matter other 
than micro-organisms To recognise clearly the reaction of the 
lany particles floating m the hqmd, it is sometimes necessary to 
separate them by centrifugal action, and further to wash them free 
from the hqmd. The starch or paste cloudiness which occurs in 
beer is produced by fine particles of starch or dextrm, which separate 
out when the liquor contains a given quantity of alcohol They 
may be recognised by the addition of lodme, whereby they are 
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coloured blue or browmsh-red (dextrin) A dlc^^ess due to 
albuminoids is often produced , it is due to flooculent^ membranousy-.'^ 
and often very irregular agglomerates, and to minute granuleb, ' 
which are either isolated or enclosed in these secretions* Such a 
iormation frequently occurs in pasteurised beer , it may be dis- 
tinguished under the microscope by the readiness with which it 
absorbs the colouring matter from lodme or from amlme dyes , 
it IS coloured brick-red with Millon's reagent, and rose-red with 
Baspail's reagent (sugar and sulphuric acid) These bodies may 
also acquire a yellow colour (through the formation of xantho- 
proteic acid) by treatment with mtric acid and then with am- 
moma, or sometimes with the acid alone (^lutin cloudiness is a 
frequent form of albuminoid precipitation , it takes the form of 
a fine veil throughout the liquid At ^0° to 40° 0 the liquid be- 
comes clear , on cooling, it agam becomes cloudy Under the 
microscope, fine flecks and small yellowish granules can be seen. 
According to Will, the latter consist of sheaths, more durable than 
the contents, which are easily attacked by water or (Mute alcohol, 
acetic acid, or hydrochloric acid, and thus the sheaths become 
recognisable , m 6 per cent, potash, the whole granule dissolves. 

On warming, the contents, but not the sheath, are dissolved ; 
hence the warm hquid is not always absolutely clear Occasionally 
a cloudiness due to hop resin occurs m beer , the yellowish-brown 
globules are recognised by the vermilion coloration given by an 
alcohohc alcanna solution A cloudiness of beer due to a resin 
•derived from pitch has been described by Will, precipitations 
of this kmd are coloured violet by a mixture of acetic anhydride 
and concentrated sulphuric acid This reaction is specially marked 
when the granules are separated from the liquid. 

2. Biological Research by means of the Microscope ; Moist 

Chambers. 

The examination described m the previous section can give 
but a limited insight mto the nature of micro-organisms A more 
•complete knowlecige of then life characters can only be attamed 
through a biological and physiological mvestigation The methods 
Adopted have gradually reached a high stage of development, 

And micro-biology now stands as an mdependent branch of natural ^ 
science, which has given results valuable both to science and to 
industry. 

The subject of microbiological research may be either a growth / 

•or an individual^ a single celL In the first case, the certamty of 
the result is determined by the purity of tl^e growth, and whilst 
the work is m progress this must be secured by the adoption of 
special precautions to be further described In the second case, 
with winch we now have to deal, the entire exammation must be 
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carried out under the microsoope, fecial means heing required 
to enable us to observe the series of changes that arise from the 
development and growth of the singl e cell With this aim in view, 
Ranvier’s moist chamber may be used (Fig. 3) This apparatus 
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18 made by grinding a ahght hollow m the noiddle of a common 
object-glass ; round this hollow a groove is made of greater depth 
to carry water The drop of nutritive solution, w]&.ch must bo 
very small, is placed m the middle of the hollow and covered with 
a cover-^asB, which extends beyond the groove. When the cover- 
glass IS m place, it is cemented by means of vasehne, and the drop 
18 thus enclosed between the cover-glass and the hollow of the 
object-glass, whilst the water m the groove prevents evaporation. 

If by suitable dilution, care has been taken that only one cell 
has been sown m the drop of water, the study of its development 
may be extended for any length of time, with the certamty that 
all forms that appear are derived frorq one and the same individual. 
It IS obviously a condition of this and all ftinni1fl,r mvestigations 
that the liquid and the closed part of the apparatus must be sterile. 

This chamber may be used again to decide whether fine particles 
'' floating in a liquid are secretions or bacteria Substances are 
added to the hquid which favour the growth of bacteria, and by 
prolonged observation of the behaviour of the particles it may be 
determmed whether they propagate or not 


Fig 4 

Amongst various kmds of moist chambers, that of Bottcher 
(Fig 4), which now finds extensive use, may be mentioned It 
consists of a glass ring fastened to a common object g1a.Ha and 
upon this a cover-glass is cemented with vaselme The cover-glass 
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carries on its under side a freely suspended drop containing the 
object to be examined A few drops of water are placed on the 
floor of the chamber to prevent evaporation of the suspended 
drop. If the oover-^ass has been completely freed from grease 
by cleaning with acid and ether, the drop will spread out to a thini 
layer, so that it may be observed under a strong power, and with 
a short focal distance. As the drop hangs freely, it is possible tO' 
lift the cover-glass without disturbing the growth, if a sample is 
to be removed If the cdls are to be flxed, a little gelatme may be 
mixed with the hquid before sterilisation, as suggested by BreMd. 
In his detailed researches on micro-organisms, Brefeld used this 
and other kmds of moist chambers, which are illustrated and 
described m Vol. IV of his Botamsche Uvi&rstichungen vb&r 
Sehimmelpilze (Leipsio, 1881). In order to secure the presence 
of a smgle cell m the drop, he diluted the infected hqmd until 
this proved to be the case If the organism demands a full supply 
of an to reach complete development, a stream of moist an may 
be passed through two tubes fixed m the sides of the glass ring 
By the help of such apparatus defimte conclusions can be 
arrived at regardmg the natine of the growth of micro-organisms, 
and this knowledge is essential for accurate work with mass cultures. 
To prepare the latter, the small pure culture is transferred with 
every precaution from the moist chamber to a flask containing 
sterile hquid (see detailed description m a later section). 


3 Sterilisation. 

The prmciples of the whole technology of sterflisation, as well 
as the different kmds of apparatus requned, were described m the 
early memoirs on spontaneous generation. 

The details of the development of this subject m its historical 
setting are given with the description of the theories of fermenta- 
tion m Chap. V 

Sterflisation of objects, whether a hquid or a piece of apparatus, 
means the riddance therefrom of ah germs capable of development. 
This may be carried out either by removmg all germs by mechanical 
means or by killing them by heat, or by the use of antiseptics. 
The choice of treatment is determmed by the composition of the 
object to be sterflised, and obviously those means will be chosen 
that wfll render the adhering germs harmless, whilst producing 
the minimum of change m other directions Sometimes, with this 
m view, the sterilisation can only be partial , for mstance, if the 
properties of the hquid are changed to a great extent, by heating 
to the temperature at which the germs present would be killed, 
the lowest temperature must be found by experiment at which 
‘ the organisms are so greatly enfeebled that they are no longer 
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able either to develop or to affect the liquid This is the object of 
pasteurisation, which will be discussed later on 

One circumstance which often presents great dif&culties to 
complete sterilisation is this — that the great majority of mioro- 
orgamsms occur m two different forms of growth, vegetative colls 
and spores. Whilst the former are usually killed at a temperature 
below the boding pomt, the latter, and especially the spores of 
bacteria, can withstand prolonged heating at the boilmg pomt , 
thus Mugge has isolated a species of bacterium from milk, the 
spores of which withstood boding for four hours. When such 
spores are encountered, it is necessary either to bod for several 
hours, or to adopt a considerably higher temperature , the latter 
alternative is specially necessary when dry heat is used. 

(a) Sterilisation of Glass and Metal Objects. — Sterilisation must 
always he preceded by a thorough mechamcal, and often by a 
chemical, cleansing. Articles of dady use m the laboratory, such 
as spatulas, needles, wires, etc , are heated directly m a flame, 
^nd allowed to cool in a space free from germs. Many pieces of 
apparatus, however, do not admit of this treatment , harm may 
be done by overheating whde ensuring that every part of the 
object has been sufficiently heated , or the number of objects to 
be sterilised may be so great that it would take too much time to 
treat each singly The apparatus must m this case be placed m 
special sterilising ovens, where it is exposed for some time to a 
temperature at which it is believed that aU germs wdl be destroyed. 

Dry or moist heat may be used accordi^ to the nature of the 
article. Dry heat is a much weaker disinfectant than moist heat 
at the same temperature To make certam that all germs are killed 
when usmg a hot aar steriliser, the aor must be raised to a tempera- 
ture of ISQfc to 160° C , and the articles must be subjected to this 
heat for one to two hours. Some objects are wrapped m paper, 
others (e g , flasks) are closed with a cotton- wool plug, which should 
be covered over with filter paper. If moist heat is required, the 
object can either be boiled in a water bath, or, better still, subjected 
to the action of .steam It is obviously of importance to see that 
the air is completely driven out, so that it cannot form a protectmg 
layer, and prevent the steam from coming mto contact with the 
object 

Either a current of steam may be used, or steam under pressure 
In the first case, the apparatus is placed m a vessel provided with 
a perforated false bottom, with a sufficient quantity of vigorously 
boiling water bdow it The steam escapes slowly, as the hd of 
the vessel is not air-tight, and the apparatus is gradually raised 
to the boilmg pomt By boiling m steam at 100° C all vegetative 
forms are probably killed, together with many spores of bacteria 
and other resistant forms if the treatment is continued for an 
hour. 


STEMLISATION 


la 

But m, many cases it ■will be necessary to employ higher tem- 
peratures, and. it has been shown that the dismfectmg power of 
steam rapidly increases when its temperature rises above 100° C 
Steam under pressure is, therefore, used m a Papin's digester or 
autoclave, constructed to stand a pressure of several atmospheres 
This apparatus is specially useful for the sterilisation of several 
li<]^nids used m the laboratory If small quantities of liquids are 
to be sterilised, a pressure of one atmosphere, corresponcbng with 
a temperature of 120° C , is sufficient, if applied for half an hour. 
During the coolmg of any variety of sterilising apparatus, care 
must be taken that tbe mcommg air is stelile, and this is secured 
by passmg it through stmhsed cotton wool 

(6) Sterilisation of Liquids and Solid Nutritive Substrata. — ^All 
germs can be removed from nutritive liquids by suitable filtration ; 
but this method of treatment, which is more troublesome than 
heatmg, is only used for liquids when then composition is affected 
by heat Even in this respect it must be noted that filtration is 
not without effect, for the mvestigations of Elugge, Arlomg, and 
others have shown that a filter retains or reacts upon certam of 
the soluble constituents, for instance, upon certam enzymes As 
tho filtering medium, either biunt clay, plastic charcoal, gypsum, 
asbestos, or kieselguhr may be used The pores of these substances 
are very fine, and a thick layer must be used to ensure that even 
the smallest bacteria are retamed The pores are soon stopped 
up, and the filtration must then be hastened by pressure or suction 
In laboratories, and for filtration of small quantities of water, 
the Pasteur-Chamberland filter, consisting of burnt porcelam clay, 
and Berkefeld’s filter made of compressed diatomaceous earth 
are frequently employed These filters take the form of a hollow 
candle, closed at one end , the liqmd fiows mto the hollow and out 
by a tube fixed at the other end o'f the capsule To test such a 
filter, it IS immersed m water, and am is blown mto the cavity 
If bubbles of air rise through the water, the filter is evidently 
perforated, and is, therefore, useless The first r unn ings of a filter, 
oven a perfect filter, are not always sterile, and after a filter has 
been m use for a short time germs always pass through it This 
happens because the germs at length grow through the pores, 
smee it IS almost unavoidable that substances which supply nutri- 
ment to the bacteria should penetrate mto the filtering medium 
The surface of the filter must, therefore, be frequently cleaned, and 
the filter sterilised, which is most easily done by bofirng it m water 
Of late years parchment-like Membrane-filters have come mto 
vogue, formed by evaporating solutions of certam coUoids under 
definite conditions The width of their pores may vary wiblnn 
wide lumts , m the most effective of these filters the width is 1 m 
or loss This Vuid of filter is employed both m chemical and bio- 
logical research workjfor filtering wme, beer, etc 
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In breweries, the fQtration of beer has been resorted to for 
some years, the filtering media commonly used bemg paper, 
eellulose, asbestos, etc. By such filtration brewers sometimes 
succeed, it is true, m freeing a beer of sound origm from deposits 
of various kmds, and m rendering it bright , but, on the other hand, 
it has been directly proved by Thauamg, Wichmann, Remke, 
Lafar, and others that an mdiscrimmate employment of this 
method may prove extremely dangerous. If the filters are not 
•effective, it may happen that only yeast cells are retained and not 
bacteria, which can then react with much greater energy upon 
the liqmd. Another great danger lies m the fact that a filter, 
when it is imperfectly cleansed, may harbour colomes of different 
ikmds of germs, causing the contammation of all beer passing 
through it If a smgle cask m a cellar has become mfeotod, and 
the filter” is not effectually sterihsed after the filtration of its con- 
tents, the disease \nll be commumcated to the whole of the boor. 
It IS, of course, a great mistake to use a filter which has boon 
•allowed to stand for a day without jirevious sterihsatioii , the 
•different species wiU. have rapidly iwopagated m the favoiuablo 
substratum, and wiU be swept off by the followmg filtration At 
this stage of development the cells of wild yeasts are much more 
vigorous than those of the cultured yeasts, so that the disease 
orgamsms wiU multiply rapidly, and cause serious infection A 
warning must be given agamst treatmg the filter with water at a 
temperature below the boihng pomt , a thorough cleausmg can 
only take place by prolonged boiling By careful bandliug of the 
excellent filters now manufactured by several makers a more 
stable product can be obtamed than that before filtration, as the 
experience of the author has shown It is certainly not aJlowablo 
to lay it down as a general rule that beer must always be sjioilt 
by filtration 

The filtration of milk of any biological unportance has proved, 
so far, impossible, as a filter with pores large enough to allow the 
fat globules to pass wUl not retain bacteria, of which the vast 
majority are smaller than the globules. The filter is, therefore, 
•only of use m removing the greater part of the dirt particles from 
the itulk, and the mioro-organisms that are attached to them 
On a large scale sand and gravel filters are used, for instance, 
m the Danish system, as constructed by Busok, a vertical oyliudor 
IS used with perforated diaphragms, between whioh are packed 
layers of sand, the grains of which are coarser at the bottom and 
finer at the top. The nulk is run m from below. In Krdhnlce's 
construction the milk is passed through a cyliuder partially filled 
with gravel, and carrying vertical diaphragms, the cylinder is 
rotated round a horizontal axis. On a small scale, the fresh warm 
nulk may be filtered through cotton wool, a layer of which is ui- 
serted between two sieves , the filter requires renewing daily. A 
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more complete biological punfication has been attempted by 
pasteurisation 

The filtration of air is mtended, not only to remove hvmg 
germs, but also to remove all floatmg particles Schroder 
and Dusch accomplished this by means of a tube filled with 
closely packed cotton wool, and this stdl proves to be one of 
the best materials In the laboratory such filters are used to 
seal test tubes and flasks When they take the form of glass 
tubes, as m the Freudenreich flasks, it is unnecessary to pro- 
tect the small surface exposed at the open end of the tube, but 
it IS otherwise m the case of test tubes, where a great part of 
the filter is exposed to the dust of the air Grerms may easily grow 
on the cotton wool when it absorbs moisture Mammg the simEace 
IS not always suflcient, and m such a case it is desirable to keep 
the tubes m an atmosphere free from germs. By the diffusion 
of air, which goes on through such small filters, evaporation takes 
place, and as a consequence the hqmd becomes more concentrated, 
or the gelatme hardens on the surface Such evaporation can be 
avoided by the use of the flask constructed by the author (Figs 
8 and 9) On a large scale m breweries, yeast factories, etc , 
cotton wool packed in suitable vessels is also used for filtermg 
air, or else the air is led through a large number of layers of cotton 
■waddmg (Holler’s filter). The complete sterilisation of the air 
on the large scale caimot always be attempted, and could not 
always be justified from an economic standpomt. 

In the filtration of water on the large scale, the conditions 
■existing m nature are mutated, where water is allowed to sink 
through successive layers of sod, and the orgamc residues and 
micro-organisms are deposited on the finer layers, until, at a given 
depth, the water is sterile Artificial filters constructed of a number 
of layers of varying coarseness were first apphed m London, and 
are now used m every country. Such a filter consists of a bed of 
large stones, covered with several layers of fibnts successively re- 
duced m size so that the topmost layer is about the size of a pea, 
and on this is laid a layer of sharp sand about 6 feet m thickness, 
which has previously been washed The water is first stored m a 
reservoir, where the larger particles settle out When the filter 
IS used for the first time water is le^ m slowly from below, so that 
all the air is driven out of the filter It is then allowed to stand 
quietly for some hours before the true fidtration begins This 
must be carried out slowly at first, and then more rapidly It 
has been shown that the distance between the separate particles 
of sand is greater than the bacteria, and, therefore, the retention 
of the bacteria is not due tp the sand filter. While the water is 
standmg quietly over the filter, slimy matter m suspension settles 
down and forms a fine skm of slime on its surface This retams 
a few bacteria, and as it always contains orgamc residues, it supplies 
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nutriment for the bacteria, and as a consequence they multi])ly. 
A few bacteria settle on the grams of sand m the upper port of the 
layer, amd these become slimy, and so arrest the bacteria sub- 
sequently carried down with the current of water In this way 
the upper part of the layer of sand gradually fills up, so that the 
pores between the slimy grams of sand are now smaller than the 
bacteria, and then, for the first time, it can act as a true filter. 
It is now ‘"ripe/" and the water m the lower layers of sand will 
be found to oontam few bacteria. The necessary condition for 
satisfactory working is that the water shall flow dowly, m order 
that the bacteria and other particles may have time to settle on 
the slimy grams of sand, and also to prevent the skm breaking or 
the formation of channels through the bed of sand. The rate of 
flow must depend on the nature of the supply. H rich in bacteria,, 
it should not sink more rapidly than 2 to 3 mohes per hour Kor 
the same reason the water level must be retamed witbm certain 
limits. During the slow passage of water, the bacteria ombeddcd 
in the upper part of the sand are able to retam some of the dissolved 


orgamc matter m the water, so that when it leaves the filter it 
should be free from fermentative and putrefactive oomponontH. 
A stage 3J3 reached at last when the pores are so completely filled 
with bacteria that the capacity of the filter is greatly reduced, 
and it IS then renewed by removmg the top inch of sand. This 
process can he repeated until a layer of sand 16 to 20 inchcH tbiek 
is left , the layer must then be restored to its origmal Ihicknoss. 

The important part played by biological conditions in the sand 
filtration of water has been clearly proved by the very thorougli- 
gomg investigations of KisskaJt, who established the fact tiiat 
Protozoa (Flagdlata^ Cihata) are particularly active in chocking 
lacterial growth Throughout the filter-bed they are mdood at- 
tacked and eaten up by such Infusoria, which occur generally in 
all water supplies In the water surmounting the filter, the bacteria 
^e the first to multiply, followed by the Protozoa, which accordingly 
brmg about a prelnmnary, but often a fairly effective, purification of 
the water, even before it has passed through the layer of mud This 
action of protozoa is borne out by the observation that the addition 
of 0 01 per cent, potassium cyamde, which kills the protozoa buL 
bacteria, causes the latter to grow exuberantly throughout 
the whole fflter and filtered water, whether the mud layer remaiUH 
undistobed or not The well-known fact that bacterial filtering 
capacity IS dimmmbed by low temperature, is considered by Kiss- 
k^t to be a purely biological phenomenon, the multipiymg ])owcr 
of the protozoa bemg impaired by the lowering of the temperature 
the way thus bemg paved for the growth of the bacteria. His 
research^ establish the fact that an essential part of the purification 
process tekes jjace withm the sand layer itself, and he obtaS 
favourable results even without a filter film and without a layer 
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floating on top of the sand The sand layer must, therefore, 
not be too shallow The flltermg effect is largely influenced by the 
number of germs , it has been established that, given a very large 
number of germs, few are kept back, compared with those retamed 
when they are less numerous To sum up, the purifying effect — 
apart from the duration of the mitial operations — ^is dependent on 
temperature, and also on the number and speciflc differences of 
the germs contained m the water. 

Considerable use is also made of rapid '' filters They may be 
constructed of sand, wood chaicoal, etc , so as to allow of the 
passage of large quantities of water Filtration is combmed with 
chemical precipitation, whereby the greater part of the suspended 
jiarticles and orgamsms is retamed 

Ultraviolet hght possesses high germicidal power, a direct effect 
of light rays of short wave-length on bacteria and hving plasma. 
A particularly powerful effect is produced by the use of a mercury- 
vapour lamp of pure quartz To obtam the effect, the water must 
be freed from all colloidal matter apt to cause turbidity, the bright- 
ness of the water being of some consequence If it is rich m germs, 
the effect will be dimimshed The different species appear to have 
different powers of resistance, thus, acoordmg to Oker-Blom, the 
water bacteria are less resistant than the coli species and several 
others He states that bright colourless water containing about 
10,000 germs per c c could be sterilised when the rate of flow was 
60 to 90 litres per hour. According to Moufang, considerably 
^ greater effects are obtam ed with lamps of the most recent con- 
struction The chemical composition of the water appears to be 
unaltered 

The treatment of water with ozone is dealt with m a subsequent 
section 

The exact method of sterihsation of hqmd and sohd substrata 
by means of heat is determined by them chemical and biological 
nature The methods employed mclude the use of a current of 
steam, steam under jircssure, boilmg in water or on the sand bath, 
and the treatment may be prolonged for a considerable period if 
it IS desired to kill not only vegetative cells, but also spores. In 
either case it is obviously of importance to take care that durmg 
the subsequent coolmg only sterile au is admitted to the vessel. 
This IS secured m the case of Pasteur flasks by the use of a tube 
with two bends, m which any germs that are sucked m ai^e deposited , 
m the case of Erlenmeyer and Freudenreich flasks, by sealmg them 
with cotton-wool filters* Whilst the hopped wort commonly used 
m zymophysiological laboratories will stand boiling on the sand 
bath, and after a comparatively short boiling can be preserved 
unchanged, wort gelatme and other gelatmes cannot stand treat- 
ment on a sand bath or such prolonged boihng on a water bath 
or m steam, that will ensure the destruction of all spores, because 
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there is always a danger that aiter such treatment the golatuw 
will no longer solidify at a temperature of 26 C. f 

18 met wrih m the sterilisation of the mash m distillories and ol 
wort in the air yeast factories, owmg to tho great separation ol 
albuminoid substances which takes place at the boiling > 
causinu a complete change in the character of tho liquid : I<)r tms 
reason it is impossible to apply all the results of exporimouts o >- 
tained with properly sterilised liquids of this kind to tho vtiy 
different circumstances that obtam in practice In all Huch oases 
use is made of the method of fraetzoml or &iscontimmiH stenlmUion 
introduced by Tyndall Its object is to bring about the gorimuation 
of spores of bacteria and similar resistant organisms by inain- 
taimng the material at a gentle heat for some time, so that the cells 
may subsequently be killed at comparatively low toiuperatui'os. 
The material is first warmed, perhaps to a tempcratvu’o of 70* 
or it may be heated for a quarter of an hour m a current of sioam 
m order to kill the vegetative cells It is then mamtained at room 
temperature, or, better still, at the most favourable toinjicraturo 
for the development of spores (about 36“ C ), and after tho lapse 
of a day, or even of a shorter period, when it is assumed that gormi- 
natiou is complete, the material is again heated. By repeated 
treatment of this kmd it is possible to ehmmato all spores an<l to 
kill all vegetative cells This obviously depends, however, upon 
the regular germmation of the spores The troatmoiit does noi' 
absolutely guarantee sterihty, and before either liquids or gelatines 
are used they must be kept imder observation for a cousulorablo 
time. In many cases filtration is to be preferred to discontinuous 
sterihsation The hqmds m daily use that aro prepared with the 
help of mioro-orgamsms, heei', wme, vinegar, etc., always contain 
a residue of these mioro-orgamsms in a more or less vigorous con- 
dition. It is desirable, by heating them, to arrest tho fermoutatiou. 
The safest course is to stenlise the hquids, but as tho tomiioraturcs 
required to effect sterihsation usually produce groat changes in the 
liquids, it IS necessary to limit the treatment to a toiniioraturo 
that v^ suffice to weaken the nuoro-organisms, so that under 
normal conditions they are extremdy unlikoly to propagate or 
to bring about further fermentation {” pasteurisaiwi"). It is 
difficult to detemmie the best method when the natmo of tho 
liquid will not admit of a high temperature being used, while tho 
result must depend upon the character and tho activity of tho 
different micro-organisms present, as weE as upon the ohomioal 
composition of the hqmd It is, therefore, impossible to establish 
any general rule It is essential m each oaso to detorraino oxpori- 
mentaJly both the temperature and the time of treatment, after 
forming a judgment as to what micro-organisms aro present in 
the liquid. In the case of beer different temperatures are used- 
heating from 60° to 60“ C. for tiyo hours, or from 66“ to 70“ C. for 
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half an hour or more — ^and for wine, two hours^ heating at 45° to 
50° C. {G Schulze), A slow coohng down after pa^steurisation has 
often been proved experimentally to give better results than rapid 
cooling. The determination of the right temperature is obviously 
rendered more difficult if the liquid harbours difEerent species of 
yeast, and still more so if at the same tune the development of 
bacteria has taken place, especially those species that form spores. 
It has been proved that when the heating exceeds certam limits, 
the flavour either of beer or wme quickly deteriorates, which is 
probably due ui the first place to the decomposition of albuminoids. 

If the liquid is particularly sensitive to high temperatures, 
it IS necessary to fall back on the method of discontinuous treat- 
ment, whereby the liquid is heated to a moderate degree several 
times, with a suitable interval between each heatmg. Frequently 
the alteration in taste produced by pasteurisation can be partially 
removed by subjectmg the liquid for a time to a low temperature. 
A special difficulty met with, particularly in the case of beer, is 
that durmg storage or transport, particularly at low temperatures, 
the pasteurised hquid develops a turbidity, or forms a deposit, 
consistmg usually of albummoid substances separating m the form 
of small granules, or, m difficult oases, m flakes and skm formation 
It has usually proved necessary to control the preparation of the 
malt if such a calamity is to be avoided Care must be taken that 
a slow and sufficiently advanced development of the gram has 
taken place, accompamed by a full transformation of its contents 
Further, it is obvious that the fermentation should have been 
vigoroudy carried out, and m this connection it is particularly 
necessary to adopt pure ferments. By coolmg the beer to a low 
temperature before filtration and pasteurisation it is possible to 
avoid the subsequent separation, as part of the material m question 
IS separated m the cooling process. 

As regards pasteurisation of vinegar^ it appears from Henne- 
berg's experiments that the acetic bacteria will die off at lower 
temperatures m high percentage vmegars than in vmegar of low 
concentration. If the vmegar is heated to 48°-60° C , or kept two 
mmutes at 46° C , it will be entirely freed at any rate from hving 
acetic bacteria , warming to 40° C for twenty mmutes will usually 
have the same effect. The dreaded vmegar-eels are killed at the 
same temperatures , they seem to be somewhat more resistant 
than the bacteria It goes without saying that when slime-formmg 
bacteria are growmg freely m the vmegar, the action must be 
somewhat more vigorous, as the bacteria are protected by the 
slime coating. 

In dealmg with milk, heat is apphed m the same way. In this 
case the greatest possible difficulties are met with owing to the 
great range of micro-organisms present m milk (lactic acid bacteria, 
putrefactive bacteria, hay and potato baciUi, etc ), many of which 
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are only killed at a hi g h temperature, o-wmg to their power of 
forming spores. Heating the milk further results in separating^ or 
modifying components, which may be of eirtreme value in nutritions 
{eg, the enz 3 unes), even at comparatively low temi>orature»<. 
Pasteurisation at temperatures considerably below the boiling 
pomt may result m the milk bacteria being kdled, whilst tho jnitrc- 
factive bacteria remain ahve As a consequence, the latter, freed 
from competition, multiply rapidly, and form putrefying matter 
in the milk, and this may occur to a considerable extent if the 
milk IS not stored at a very low temperature. Actual sterilisation 
can only be secured if the milk is heated for an hour or more at a 
pressure of half an atmosphere, corresponding to 112° (! If the 
object IS simply to destroy the pathogenic orgauisms that are 
present, especially the tuheroule bacilli, it is only necessary, according 
to Bang and Weigmann, to heat for a few minutes at 86° (! , or 
for a quarter of an hour to an hour at 66° C. The problem how to 
secure a product free from any organisms capable of dovolojmiout, 
and yet of full nutntive value, has not yet been solved. 

0 Jensen recommends heatmg for half an hoiu' at 0.3° (!, and 
then cooling down to below 14°, or, better still, below ]()° (!, a 
treatment which several lactic acid bacteria will survive in ordinary 
milk Prolonged heatmg at the above temperatme he bolicvcH 
to be dangerous, because the development of therm opldlous jmtrt*- 
factive bacteria will be thereby faoihtated 

A peouhar form of pasteurisation of miUc is the Biorisation 
devised by Lobeck, which consists m suddenly heatmg tho milk up 
to 75° C by spraymg it m extremely small drops tlmnigh a nozzh', 
under a pressure of 4 atmospheres, mto a space whore this loiu- 
perature is constantly mamtamed, and, after a few seconds, cooling 
it as suddenly m a Liebig’s condenser. According to Schmitz, 
milk thus treated completely retains the nature of raw milk, tin 
regards taste, smell, ferment reactions, and baotoricidul power ; 
only the faculty of coagulating by rennet was almost unporooptibly 
impaired. The common milk germs, apart from those forming 
^ores, were destroyed, and so were the vanous disoaso germs 
molud^ the tubCTole bacilli As, however, bacterial spoiw are 
not Med, the milk, when left to stand, may be decomiiosod bv 
the bwtena developed To prevent any ill effects of their action- 

albummozcU^-lactic acid bacteria nmv 

be adaed after bionsatiou 


A MuUot’s researches proved that if the catalase of milk is 

^ F C, and the milk subsequently 

cooled do^, while any after-infection jb obviated as far as possible 
adton of 0-1 to 0-16 pro miHe of HaOj will suffice to keep 

temperaturoJ 

withoT^ &nj appreciable alteration m taste The same nulk if not 
submitted to such treatment, regularly deteriorated in 24 to 48 hours 
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Milk treated and exposed to infection from the air while cooling 
kept fresh at least 24 hours longer than untreated milk 

Sterilisation of air can be best secured, as already stated, by 
means of cotton wool filters Sulphuric acid or brine baths, cloth 
filters, etc , are less effective. In the laboratory, where it is often 
necessary to carry out work in sterile air, glass cupboards are used, 
the front of which can be sufficiently raised to admit the arms 
Some time before using the cupboard the whole of the mner surface 
is washed over with either mercuric chloride solution or 60 per cent, 
alcohol, and the cupboard is then closed Any particles and germs 
floatmg m the air will sink to the moist floor, and will be retained there. 

In breweries and other branches of the fermentation mdustry, 
the fermentable hqmd. is sterile at a particular stage m the manu- 
facture, at the moment when the boilmg is completed. After the 
zymotechnical analysis of air had shown that it may convey disease 
germs to the fermenting liquid, attempts were made to protect 
the wort during the cooling operation against such infection by 
the use of closed cooling and aeratmg apparatus, closed fermenting 
vats, and storage casks, and by the sterilisation of the mcormng 
air through cotton-wool filters These precautions, together with 
the use of an absolutely pure yeast, should, theoretically, produce 
an absolutely pure product Incidentally, one important practical 
object was secured, for by blowmg m a powerful stream of air 
durmg the fermentation, and by the removal of carbon dioxide, 
the rate of fermentmg was greatly mcreased, and an earlier clearing 
of the hquor took place The difficult problem is to mamtam such 
large vessels m a condition of absolute cleanliness 

The experience of many years has, however, shown that m 
breweries with open refrigerators and coolmg apparatus, open 
fermenting vats, and ordinary storage casks, a product can be 
obtamed with such a small content of harmful germs that they 
have no practical influence on its quality, notwithstanding the 
fact that the wort, especially on the refrigerators, is exposed to a 
number of foreign germs It has now been proved that the harm- 
fulness of the atmospheric germs m the fermentation mdustry has 
been greatly exaggerated, for m competition with the enormous 
number of yeast cells which are established m the wort, the vast 
majority of these germs never come to development. If it happens 
that, notwithstanding the use of pure yeast, the product is strongly 
contanunated with disease organisms, the explanation is, m the 
great majority of cases, that these are developed m the plant 
Sself It IS from the surfaces of the different vessels employed 
that the dangerous carriers of disease have developed, just because 
a rational method of cleansing has not been adopted The chief 
importance must be attached to those stages m the process where 
the liquid is longest under treatment, m the fermenting vats and 
storage casks In order to purify these vessels, as well as the 
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eoimectioius, disinfectants are almost always used, and it may be 
remarked that a summary treatment with these is not sufficient. 
This, at any rate,, holds good for wooden vats, m which it has 
often been proved that notwithstandmg disinfection the disease 
germs retam their hold. A q)ecial mvestigation must, therefore, 
be made into the physical character of the vessels, and the necessary 
precautions must be adopted. If m this way a rational method 
IS worked out, it will he found that the atmospheric germs exoroiso 
no noticeable influence on the course of fermentation or on the 
character of the product, smee no opportumty is given thorn to 
establish themselves m the plant 

Under special circumstances chemical reagents are used for 
disinfection, the antiseptics. The ground work of the technical 
appheation of antiseptics was laid by Schwann, who proved in 
1839 that yeast cells die under the mfluence of certain chemicals. 
Subsequently the knowledge of antiseptics was greatly extended 
by E Koch As m the case of the action of heat, so the indi- 
vidual species react differently towards the various antiseptics. 
Moreover, one and the same species of vegetation may react diffur- 
mitly towards the same reagait, and that not only booauso the 
spores possess a greater power of resistance than the vegetative 
cells, but also because the condition of the latter plays a part 
One practical problem is to determme how far the antiseptic can 
Im diluted without ceasmg to react. Whilst with a given concentra- 
tion the antiseptic may prohibit life, with a greater dilution the 
Mtion only restricts development, and with still greater dilution, 
if any further influence is felt, it may take the form of stimulating 
both the development and activity of the organism Many organ- 
isms possess a special power of accommodating themselves to 
strong doses of antiseptaos. 

Uismfectants are placed on the market either m a solid or in a 
TOncentrated hquid condition Their antiseptic power must first 
be determmedby experunentmg with the groups of micro-organisms 
which may be encountered m the fermentation mdustry Once 
the limit rf their activity is determmed, it is necessary to ascertain 
how rapidly a given dose operates Should it prove that the action 
m too slow for practical appheation, other degrees of dilution must 
be tested until the imnimum dose is found which will kdl the micro- 
organisms in a short time thirty nunutes) 

Ela^s of 16 c c capacity, provided with ground glass stoppors 
Me iMed for test These are filled almost to the top with the 
ffi^TOtant, and aftOT a pure culture of each species^ has been 
Pla ced m the flasks, they are thoroughly shaken 

men the abtion is completed, every trace of the reagent must 
the vegetation by washmg, and a sample of the 
gr wth IS toanrferred to a suitable nutritive substratum and 
ea^osed under the most favourable conditions It must be mam- 


STEKCUSATION. 


23 


tamed at a constant temperature, whicli should be bigliAr than 
that of th.e room Liquids are to be preferred to gelatine, because 
the nutritive value of the latter is generally smaller FmaJly, the 
observation, of such growths must extend over a considerable 
period, as it often proves to be the case that the cells have not 
been killed, and after a considerable time they may germmate 
agam Xhe degree of dilution at which an antiseptic operates 
restrictively on species is usually dependent on whether the action 
takes place m a nutritive fluid or not In the first case, the chemical 
nature of the hqmd obviously has considerable influence Thus, 
for instance, hqmds which are rich m albummoids weaken the 
effect of many poisons In research work of this hind, relating to 
practical f ermentology, it is often necessary to use a definite liquid 
As an. example of the part that the solvent pla 3 ra, the classical 
work of Koch m 1881 may be mentioned, which led to the proof 
that many antiseptics may wholly or partly lose then power 
according to whether they are dissolved m water, m ethyl or methyl 
alcohol, ether, or acetone In this connection an important fact 
may be noted The addition of sodium chloride to certain anti- 
septics {e.g , to carbohc acid or mercuric mtrate solution) causes 
an extraordinary increase m their antiseptic power 

Temperature, also, has an influence on their action , the higher 
the temperature, the greater then activity. On the other hand, 
a dilute antiseptic e:^bits the least restrictive power at that 
temperature which is most favourable to the organism 

Numerous mvestigations regardmg the mfluenoe of antiseptics 
on different species of micro-organisms have shown that no general 
rule can. be traced One species may be much more resistant to 
one poison than many other species, whereas it may exhibit httle 
resistance to another poison The destructiveness of a given sub- 
stance oannot, therefore, be defined m general, but only its behaviour 
towards a particular species 

Bokorny gives an explicit account of the results obtained by 
himself and others regarding the restrictive action of chemical 
substances on the growth of fungi He confirms the exactness of 
the observation that bacteria are generally far more sensitive to 
the action of acids and zymoggmc_fungi much less sensitive to 
alcohol, than are other fungi” In order to show how very different 
are the actions of various poisons on yeast, Bokorny used 10 g. 
of oomraerciai, pressed, brewers' low-fermentation yeast, which he 
dissolved, m water m flat dishes, so that the yeast, after settling 
on the "bottom, was covered by rather a thin layer of water He 
lound the yeast was killed by the followmg doses — 

Merouiio ohlondo, 0 01 to 0 003 g 

Zmo sulphate, 0 1 g 

Manganese sulphate, 0 3 to 0 5 g 

Laotio aoid, 0 06 to 0 1 g 

Formaldehyde, 0 06 g 
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The common poisons axe grouj)ed Iby Loew as follows — Oxi- 
dising poisons, such as ozone, hydrogen peroxide, chlorine, phos- 
phorus, etc , catalytic — e g , chloroform, ethyl ether , those actmg 
by formation of salts acids, soluble mmeral bases, salts of heavy 
metals , substituting poisons, destroying the plasma m consequence 
of their action on the aldehyde or amido groups of the active 
proteid substances — e g , phenols, prussic (hydrocyamcj acid, 
nitrous acid, aldehydes As sj)ecial poisons may be mentioned 
toxic proteids , orgamo bases which combme with active albumen 
and thus are apt to destroy the structure — e g , strvchiime, chmme, 
meotiue ; indirectly actmg poisons which hmder respiration, such 
as carbonic oxide, or cause decomposition (mtrites), or lastly alter 
the state of tension (oxalates, neutral salts of alkalies) 

' The apphcation of antiseptics for the cleansing of vessels, etc , 
must always be preceded by a thorough mechanical cleamng 

Amongst the mmeral antiseptics, the first place must be given 
"to mercuric chloride^ on account of its extremely poisonous character. 
It IS used m the laboratory m a solution of 1 gramme per htre of 
water, but it is impossible to use it m the fermentation industry Like 
most of the other mercuric salts, mercuric cliloride belongs to that 
class of bodies which produce insoluble compounds with albummoids, 
and thus do not react completely with bacteria Attempts have 
been mad© to overcome this difficulty in such cases by the addition 
of a small percentage of sodium chloride Hydrofluoric acid and 
its salts also belong to the most powerful antiseptics, esiiecially 
as regards bacteria Ammonium fluoride is generally used, and 
has a wide application Chlorine is used in the fermentation m- 
dustry in the form of chloride of lime, but it is only apphcable 
withm certain limits, owing to its strong and pungent odour 
Another compound, sodium hypochlorite (antiformin), which has 
a weaker smell of ohlorme, is more widely employed Ghlorme 
is also used to disinfect water For this purpose small quantities 
of chloride of Ume are used, and after a short time the chlorine is 
fixed by the addition of calcium bisulphite Sulphurous acid is 
apphed sometimes m the form of gas or of an aqueous solution, 
and sometimes as calcium bisulphite or sodium sulphite It is 
used, not only as an antiseptic, but also as a means of restrictmg 
fermentative activity This, as well as several of the above, usually 
appears to attack bacteria more strongly than yeasts m high dilu- 
tions * Soda IS of value as a means of cleansing, as well as disin- 

♦ Begaiding the use of sulphurous acid and potassium metasulphite m grape and fruit 
•wme, a large amount of lesearoh work was done by Iiluller Thurgau, both m the way of 
regulating the fermentation and preventing it m grape and fnut jmces On addition 
of the aoid in the ooun&e of fermentation — preferably in the early stages — part of it 
combines with the aldehyde present and is rendered inactive , a further poifaon forms 
glnoose-snlphuroua acid, which gradual^ aphts up durmg fermentation, the glucose 
bemg fermented and the acid set fiee In the latex stages, a greater oi less propoition 
will be foimd free, and the remainder either combined or oxidised to sulphuric acid The 
q^uantity to be added depends partly on the composition of the ]uices, which is very 
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feeling, and this apphes also to lime Lastly, two strong oxidising 
agents must be mentioned which are now m common use, ozone 
and hydrogen peroxide, the latter having an even greater disinfect- 
ing power than ozone 

Amongst orgamc antiseptics, formaldehyde has found very 
extended application during the last few years, on account of its 
great antiseptic power Thus, the spores of many resistant bacteria 
are killed by the apphcation of a 0 1 per cent solution for an hour 
On the other hand, this reagent, when used m the form of vapour, 
has little action on man and the higher animals Its vapours 
appear principally to attack the surface of articles, as its power of 
penetration is not great 

A series of antiseptics which have proved of special importance 
m laboratory studies of fermentation mcludes ether, chloroform, 
and more especially acetone, toluol, and thymol, because they 
possess the valuable property of killing germs, while they do not 
destroy enzymes This fact has proved of importance m advanc- 
ing recent studies of enzymes, where it is necessary to inhibit 
the action of micro-organisms on the susceptible liquids employed. 
R Koch first proved the antiseptic action of ethyl alcohol, and 
recent research has brought to light the mterestmg fact that it 
IS not absolute alcohol, but a 60 to 60 per cent alcohol that exhibits 
the strongest disinfecting power This may be explamed by sup- 
posing that absolute alcohol absorbs moisture from the surface of 
the colls, and, therefore, makes them more resistant The vapour 
of 76 per cent alcohol appears to be equal m its action to a current 
of steam, and a still more powerful action is exhibited by a mixture 
of alcohol vapour of this strength with formaldehyde vapour The 
mixture may be used to disinfect fabiics which would suffer by 
exposure to a temperature of 100° C 

Carbolic acid (phenol), which plays an important part m mediome 
as a powerful antiseptic, cannot be applied m the fermentation 
mdustry, owing to its penetrating odour, but owes its mterest to 
the fact that it does not attack enzymes On the other hand, a 
whole series of compounds, of which carbolic acid is a component, 
are made use of m practice 

vaiiable, especiaJly iliat of liuit juicofe, and partly on the diffeiing power of refidstance 
of yeasts tn Miilloi 'Thurgau’s expeiimonts, the doses weie found to range from to 
600 mg of potassium meta&ulphite per litre oJt grape '^vlne, corresponding to about 
100 to 300 mg of Rulphuious acid When selected races of puie yeast aie used, it will 
be necessary to acohmatiso them to the acid, especially when the ob]00t in view is to 
check the baotena (Chap vi ) To prevent the hiologioal decomposition of malic acid, 
only slight doses of ooid aio icquired, as the hactena concerned are veiy sensitive to its 
influence , the acid has then to be employed hefoie fermentation If the obieot is to 
pi event the foimation of lactic acid m fruit wme of low acidity, at is necessary to use 
Taagei propoitions in the initial stages of feimentation The best means of pioseiving 
giape and fiuit juices can only he detenmned by prehmmary ei.poiiments in each case 
If the juice contains laige quantities of tartaiio, malic, and tanmc acid, smaller doses 
of sulphurous acid will do Thus, m one instance, fermentation was completely prevented 
by an addition of 225 mg of potassium metasulphite (120 mg sulphuious acid) per htre 
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The raw materials of the fermentation industry (rye, wheat, 
barley, etc ) contain peculiar compounds which, according to the- 
researches of Jago, Delbruck, Lange, Henneberg, Hayduck, and 
Seyffert, act as poisons to yeast, and these are assumed to bo of 
an albuminoid character This action may be observed in the- 
crushed gram or in an aqueous extract if the yeast is added in 
presence of sugar dissolved m distilled water. 

In their reaction to such influences, the yeast species do not 
behave uniformly Thus, under certam conditions a stiniulus 
may be given to some species, whilst under other conditions the 
poisonous substance may act destructively even in minute dosos. 
Such 18 the case with the poisonous body present in rye bran, and 
also with that contamed m a dilute hydrochloric acid (0*1 per 
cent.) extract of wheat flour, in their action upon brewer's yeast ; 
but the action is arrested by the addition of calcium carbonate, 
soda, gypsum, etc 

As stated above, it has been proved that mmute quantities 
of poisons may have such an influence on micro-organisms tliat 
they actually stimulate them, often to a one-sided growth , it 
may be the development of the vegetative organs at the exqionso 
of the organs of propagation, or an increase of the fermentative 
activity. In a few cases that have been closely examined it has 
been proved that the mmute doses which can produce such an 
action have fairly well-defined limits , the least excess brings 
about the opposite action — a weakemng of the organisms in 
question. Thus a minute dose of a copper salt assists the develop- 
ment of the mould, Aspeigtllics niger^ to a very groat extent In 
the same way Biemacki found that the addition of copper sulpliato 
in the proportion of 1 . 600,000 of the nutritive hquid increased 
the activity of yeast cells In larger quantities copper salts 
^ercise a destructive action on yeast , care must, therefore, bo 
taken t^t when pure cultures of yeast are introduced into copper 
vats, th€^ should be carefuUy tinned Hayduck (1881) found 
t^t small quantities of lactic acid (about 0 6 per cent ) favour 
the propagation of yeast, and that anything up to I per cent, of 
Jaotic acid, under the usual techmcal conditions, is favourabJo 
to the production of alcohol Heinzelmann proved in 1882 that 
s^cyhc acid in the proportion of 0 1 gram per litre reacts favour- 
ably on yeast cells, and H Schulze (1888), that mmute traces of 
such as mercuric chloride, iodme, chromic acid, and formic 

mercuric chloride m a dilution of 

1 ^0,000). H^MeldfoundthatbytheadditionofO-OltoO 02per 

cmt. of hydrochlonc acid the acetic fermentation is very consider- 
a% quickmed. Bdchet proved that the same holds good with 
^c acid bacteria, while the addition of 0 6 mg. of mercmxc 
or «>i ^pper sulphate, per htre, mtensifies their fermentative 
aokvity In the same way Eftront found that mmute (quantities of 
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hydrofluoric acid and fluorides have a stimulating action in nutritive 
liquids, both on the rate of propagation and the fermentative 
capacity of yeasts, but that this varies with the yeast species. 

The fungi have a curious power of aocommodatmg themselves- 
to poisons. By long-contmued cultivation it has proved possible 
to mtroduce large quantities mto nutritive substrata, and at the 
same time it has been noted m several cases that a marked change 
of character takes place It has, however, proved impossible to 
fix these newly acquired characters , they are of a purely transitory 
kind As soon as the poison is removed the growth reverts to its 
origmal character. From the numerous examples, we select the 
following ' — Galeotti accustomed Bactertum prodigwsum to grow 
on a 2 per cent carbohc acid nutritive gelatme Pulst accustomed 
P&mcilhum glawwm to withstand contmually mcreasing quantities 
of poisonous copper salts, whilst its comdia germinated more 
rapidly than usual. 

The results obtamed by acoustommg yeasts to the presence 
of certain poisons are of special mterest m the technology of fer- 
mentation Thus, the yeast m distilleries may work m a mash 
which by treatment with a disinfectant has been rendered more 
resistant to bacteria, a process which takes the place of the usual 
souring with lactic acid For this object sulphuric acid, hydro- 
chloric acid, and hydrofluoric acid have been made use of Effront 
proved that much smaller quantities of hydrofluoric acid were 
required than of the other two In consideration of the different 
extent to which the yeasts are attacked by the hydrofluoric acid 
(or fluorides), Effront tned by special cultivation of yeasts to 
accustom them to work m a mash which contamed so much of the 
reagent that the bacteria were suppressed. He found that the 
addition of 300 mg of hydrofluoric acid to 100 c c of hqmd com- 
pletely inhibited the growth of yeast, whilst its fermentative activity 
was only restricted H, however, the yeast is gradually accustomed 
to the poison, beginning, for example, with 20 mg per 100 c c., 
and rising by degrees to greater doses, a race of yeast will be formed 
that can multiply even m presence of the origmal dose In presence 
of 200 mg per 100 c o the fermentative power of the yeast is m- 
oreased, according to Effront, if it is mtroduced mto a mash which 
also contains fluorides Yeast acclimatised to a fluoride will con- 
vert that absorbed by the oeU mto insoluble calcium fluoride, 
and thus render it innocuous The higher the yeast is acclimatised, 
the larger will be the amount of calcium m its ash In practice 
about 10 grams of hydrofluoric acid are used for every heotohtre 
of mash Even if this process succeeds m suppressmg bactena 
m the mash, which is not always the case, other difficulties may 
arise when \^d yeasts are present, for these, according to Holm 
and Jorgensen, are stimulated m their development by the presence 
of hydrofluoric acid m the mash 
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4. Disinfection in Practice. 

It has become clear, withm the last few years, that the harm- 
f alness of the germs in air and water has been greatly exaggerated, 
and that far and away the most important source of danger is to 
V/ be sought m the growth of foreign organisms in the plant itself 
The natural result is that mcreasmg attention is being paid to a 
rational scheme for disinfecting the plant As the raw stuffs used 
m breweries, distiUenes, etc , form an admirable nutritive medium 
for micro-organisms, the distribution of these throughout the plant 
IS much more widespread than usual, and it is often necessary, m 
addition to meohamoal cleansing, to attack them by direct anti- 
septic means By determination, on the one hand, of the maximum 
lumt of such poisonous substances that can be allowed, and, on 
the other hand, of the necessary means to secure the desired object, 
the practical conditions are estabhshed. The concentration must 
not exceed what is absolutely necessary In the use of antiseptics 
it is essential to follow a recognised plan A summary disinfection 
IS msufficient if the mdividual parts present different possibilities 
for the development of foreign organisms It is, therefore, necessary 
from tune to time, and that frequently, to overhaul every smgle 
pomt m practice, before being able to say exactly where a particular 
infection has appeared At oertam xiomts antiseptics must be 
•discarded and mechanical means adopted This is the case when 
the infection has penetrated so far mto the material that the dis- 
infectant is no longer able to attack it This may occur m the groat 
majonty of wooden vessels as they are usually prepared 

As many micro-organisms form slime, and may produce thick 
deposits when allowed an undisturbed development, it is often 
necessary to use a solvent of the slime before proceeding to actual 
disinfection, if the germicidal substance is not capable of com- 
pletely dissolving the alime 

It IB an established Aile that two disinfectants should not be 
used simultaneously, or one immediately after the other, especially 
if their composition is unknown , otherwise there is danger that 
they may neutralise each other’s action Thus, chloride of lime 
and calcium bisulphite should never be used at the same place 
The literature of antiseptics used m the mdustry has grown 
to considerable proportions A short resume of the methods of 
appheation of the respective substances follows 

Ammonium fluoride, especially the acid salt, has a very wide 
apphoation, owing to its great antiseptic power It is a crystallme 
powder, readily soluble m water. In the pure condition it contains 
about 36 per cent, of hydrofluoric acid , the commercial product, 
however, contains a less quantity, and sometimes not more than 
20 per cent. It is used for the treatment of pipes, vats, etc Pipes 
are filled with a solution containing about 0'6 per cent In nnsing 



DISINrSOTION IN PRACTICE. , 


29' 


out vats a 3 to 5 per cent, solution must be used. Ammonium 
fluoride is not suitable for the treatment of metal, as it slowly 
attacks it After treatment, a very thorough washing with water 
is necessary 

Formalin has also been very largely apphed m practice. It is. 
an aqueous solution of formaldehyde (40 per cent, by volume or 
37-2 per cent by weight), and it forms one of the most powerful 
antiseptics As it does not attack metal, it can be applied more 
generally than the fluorides. It may be used m the form of gas- 
by soaking cotton wool or cloths m formalin, and hanging them 
up in the area to be disinfected, or it may be applied m specially 
constructed lamps, in which, by the imperfect combustion of 
methyl alcohol, formaldehyde is produced The most frequent 
and most successful method of apphcation is, however, to dilute 
formahn with water, and apply it as a spray to the walls of vats,, 
etc. A solution of 0 6 per cent of formaldehyde (about htres. 
of the commercial article to 100 htres of water) is most generally 
applicable The vessel must then be well rinsed with water, and 
if the odour caimot be got rid of, ammonia may be apphed 

Chloride of lime has been used for many years, on account 
of its powerful disinfectant properties Its strong odour limits 
its application It is especially used to disinfect floors and shmy 
walls m rooms where fermentation is going on. To disinfect filter 
bags m breweries, which often harbour large colomes of bacteria 
and wild yeast, Will recommends an apphcation of chloride of 
lime m a solution containing about 1 per cent of active ohlorme- 
(3 to 3^ kilos chloride of hme m 1 hectolitre of water) The mixture 
of water and chloride of hme is allowed to stand for some time,, 
with occasional stirrmg , the clear hquid is then decanted and 
applied to the filter bags, which are afterwards repeatedly rinsed 
with water The dangerous development of micro-orgamsms on 
the filter bags may be avoided by cooling down the beer to the lowest 
possible temperature durmg filtration 

Antiformin is a chlorme preparation which has found con-^ 
siderable apphcation m recent times It is a clear hqmd with a 
strong alkaline reaction and a weak odour of chlorme. It consists 
of a crude sodium hypochlorite (c/ Eau de Javelle), and is prepared 
by decomposition of chloride of hme with soda The solution is 
then separated from the precipitated chalk, and caustic soda is 
added The liquor contains more than 4 per cent of active chlorme, 
and not only possesses great antiseptic power, but also quickly 
softens orgamc substances such as sediment, wort, crust, yeast, 
and slime, so that they can easily be removed. In other words, 
it acts both as a cleansing and as a dismfectmg agent Care must 
be taken, however, m applying it to infected wood, for instance, 
to the staves of a fermentmg vat, as the reagent, owing to its 
solvent power, can penetrate so far that it is difl&cult to remove 

23A9 574.')9arir 
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it by r inaiTig with water It may be applied in a dilution of 1 to 20. 
BiMoiin, JRadoform, and Mikroformin are more recent anlieeptics 
of siDoolar composition. 

Antigermin appears to be specially adapted for washing clown 
walls. It consists mainly of a copper salt of an organic acid, and 
the aqueous solution is without smeU It should be dissolved in 
boding water, and mixed with lime before applymg. 

Montanin, which is also free from smeU, is equally applicable 
to walls and to connecting pipes, vats, etc , but the latter must 
always be well rinsed It is a by-product of the glazed -w{vro 
mdustry, and contains about 28 to 30 per cent of hydrofluosilioic 
acid (as alnmimum fluosihoate) m a clear solution, pale green or 
yellow m colour, and feebly acid The protection of walls by moans 
of this preparation depends upon 4he pores being sealed by the 
iormation of calcium fluonde, alumina, and sihea, imparting to 
the wall a hard and smooth suriace 

Hikrosol appears m commerce as an acid green paste containing 
about 10 per caat of copper phenolsulphonate, and smaller ainoimts 
•of copper sulphate, free sulphuric ac^d, and hydrofluoric acid 
It IS apphed to- walls in the form of a 2 to 4 per cent solution 

An&ionnin is largely used m order to coat moist walls, is 
an excellent preventive of dry-rot, and protects woodwork from 
worms, etc It forms a red viscous mass consisting of a potash 
compound of cresol m i x ed with glycerme, soap, etc It is soluble 
to the extent of 5 per cent m water It does not attack either 
metals or organic substances, and, according to Aubry's mvostiga- 
tions, may be apphed to advantage throughout the brewery, where 
it cannot come m contact with beer 


Pyricit IS a white powder soluble in water to form a colourless 
and odourless solution According to Wichmann, a 2 per cent, 
solution forms a very powerful disinfectant. It may be applied 
anywhere, mside or out It can be kept for a long time without 
lo^ Its activity The powder is a mixture of sodium bisulphate 
sodium borofluoride, and sodium fluoride On dissolving in 
water sevaal acids axe set free, among which hydrofluoric acid 
IS the most important and active Metals are but shghtlv at- 
tacked, if at all. o j 

Sulphurous acid is One of the oldest antiseptics, and is still 
frequently used for casks A piece of Imen which has been dipped 
m ipolten sulphur is set alight and introduced mto the cask Tho 
fumes do not, however, penetrate sufficiently to sterilise 'badlv 
contei^ted ca^ Hops and occasionally malt are also treated 

j fermentation sulphiuous acid is 

added to the must, to destroy the spontaneous germs before a 
pure i^e yeasts Calcium bisulphite forms an energetic reag^ 
usually contains about 7 per cent of sulphurous acid’ 
Diluted from three to six tunes with water, it forms L admirable 
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agent for the treatment of yats and other apparatus, and is 
•especially deadly to moulds. 

Salicylic acid has also been apphed to vats m the form of a 
(Mute alcoholic solution, which is pamted on to the surface, allowed 
“bo react for some time, and then washed off with an alkalme hquor, 
and finally with water 

Amongst weaker antiseptics, lime and soda may be mentioned 
Milk of lime, freshly prepared, forms an excellent disinfectant for 
walls and ceilmgs , but as soon as the lime has absorbed carbon 
dioxide from the air it ceases to have any value Soda, in the form 
of a 6 to 10 per cent solution m warm water, is an excellent reagent 
for dissolving slime from connecting pipes, etc It must, however, 
be very thoroughly removed by washing, first with warm and then 
with cold water. A very (Mute soda solution (0 *1 to 0 3 kilogramme 
per hectolitre of water) is of value m swilling new chips. Soda is 
not well adapted for disinfecting fermentmg vats, as it imparts 
a rough surface to the wood. 

One of the most important disinfectants throughout the fer- 
menting plant IS steam, if care be taken that every part of the vessel 
to be treated is exposed to its action Connectmg pipes may be 
sterilised by steam if they do not exceed a certain length 

In distilleries, sulphuric acid is used as a disinfectant m the 
mash to inhibit the growth of foreign bacteria, and to restrict 
that of yeast Its apphcation must, however, be kept withm 
certain limits, as the yeast would otherwise be damaged 

Ozone has found apphcation, m particular for disinfecting 
water In order to bring the gas mto close contact with water, 
the latter is sprayed over a fine-gramed material, where it comes 
m contact with a stream of ozone prepared by means of a high 
tension electric current, discharged from two electrodes of special 
construction It has proved possible by this means to kill a very 
large proportion of the orgamsms in water (see the researches of 
Calmette, Schuder, and Proskauer, OhlmuUer, etc,). The solubihty 
of ozone m water depends largely on a sufficiently high concentra- 
tion of ozone m the medium from which the ozone is earned mto 
the water Its solubihty is enhanced by a low temperature and slight 
aciclity of the solvent Water containing 15 to 20 mg of ozone 
per htre is a powerful (hsinfectant of filter cakes, transport vessels, 
etc , if left to act for a sufficient tune According to Will and 
Weissinger, the noxious germs m a brewery are kiUed m an hour 
by 0 6 to 0*7 gram of ozone per cubic metre of air. 

Hydrogen peroxide has also been apphed to disinfectmg water, 
and preserving milk by Budde's process, which consists m the 
apphcation of 0'036 per cent , after which the milk is maintained 
for three hours at 50° to 52° 0 
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5. Flasks. 

AH vesssls m wluch. cultures are made must satisfy the condition 
that they are proof to every contammation from without Pasteur 
flasks satisfy this demand m the highest degree The illustration 
(Rg 5) shows this flask m the improved form employed m the 
author's laboratory When the hopped wort (preferably filter- 
bag wort) IS boiled, the steam first escapes through the straight 
tube, attached to which" is a short piece of rubber tubmg , when 
this is closed (after boding for about half an hour) the oidy outlet 
for steam is through the bent tube About twenty mmutes later, 
the flfl-glr is removed from the sand-bath During cooliog the germs 
are deposited in the lowest part of the bent tube, or are not carried 
beyond the enlargement of the tube, and, therefore, do not come 
into contact with the hquid Hence, it is evident that the lower 
part of the bent tube must be heated whenever the flask is to be 
agitated or emptied through the straight tube Tf the flask is to 



Fig 6 — ^Pasteur's flask ^ Fig 6 — Chamberland flask* 

be opened and connected with another flask, this must be eilectod 
either in a small stenle space, or else the opening and connecting 
must be earned out m a flame A Bunsen burner is placed directly 
in front of the operator, the flask to be emptied to the left, and the 
one that is to receive the liqmd or culture to the nght, alongside 
the burner. Then the tube of the left-hand flask is opened »» Hie 
flame by quickly removing the rubber tube with its glass stopper , 
wUle the open tube is m the flame, the glass stopper of the flask 
to the right is qmckly withdrawn, and the hot tube of the first 
flask IS connected with the rubber tube of the second fladk after the 
tube has been cooled. The liqmd is poured mto the second flask, 
the bent tube of the first flask being at the same time heated. 
Then the side tube of the left flask is agam mtroduced into the 
flame, while the stopper of the right flask is replaced directly after 
is has been passed tiirougb the flame , finally, the left flask is 
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^losed in ihe flame with its tube and stopper When the operation 
is qmekly performed the danger of contamination is almost ex- 
<^l-uded . 

Pasteur flasks will be found indispensable in certain (derations ; 
ioi mstance, in physiological researches where large quantities of 
ii<3.iJJds are dealt with 

The Chamberland flask (Pig 6) is closed with a ground cap, 
^liich termmates m a short, open tube , this tube is filled with 
i^ightly-packed sterilised cotton-wool 



Fig 8 Fig 9 


The Freudenteich flask is constructed on exactly the same 
^principle (Pig 7, centre) , it has, however, a cybndtioal shape 

These flasks must oidy be opened m a sterile cupboard When 
gelatme is used the flask must be opened with tho mouth downward. 

For special purposes the Hansen flask (Pig 7, left) is employed 
Tlie ground cap is provided with a cotton-wool fflter, and the flask 
lias a small side-tube closed with an asbestos stopper This flask 
is used m the author's laboratory for the dispatch of small cultures 

3 
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or of samples from the propagating apparatus * For this purpose 
the lower part of the flask is flUed with cotton-wool, and some cotton- 
wool is lightly packed mto the cap The asbestos stopper and the 
lower edge of the cap must be covered with sealing wax 

A flask (Fig 7, right, and Fig 8) constructed by the author 
cames a small, bent, and open tube in the cap, as a prolongation 



11 — Carleberg flask— New model h, Connection between the flask and the bent tube. 

of the cotton-wool filter. By this means it has proved possible 
to prevent the evaporation of the contents of the flask for several 
years, provided that the lower edge of the cap and also the lateral 
tube are well closed This flask is used for preserving pure cultures 

^ This apparatus is described m Chapter vi. 
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of yeast in. a 10 per cent, saccharose solution inoculated with a 
trace of the yeast The flask is also suitable for a prolonged pre- 
servation of gelatines, if the surface is to be prevented from stiffening 
Another flask constructed by the author, shown in section in Fig 9, 
IS also used for storing pure cultures of bottom and especially of 
top yeasts -which will not stand vigorous shaking, when further 
development is required and a drop (ff the yeast is to be transferred 
to a Pasteur flask containing wort. The small bent open tube on 
the right has its outer extremity packed with cotton-wool, to filter 
incoming air. The wide tube on the left, which is closed with an 
asbestos stopper, has its lowest bend on a level -with the bottom 
of the flask. If this tube is connected -with the side tube of a Pasteur 
flask in th© flame, and then suction applied to the bent tube of this 
flask, a min-ute part of the yeast lying on the bottom of the small 
flask wiU be sucked mto the Pasteur flask, without disturbing the 
remamder of the yeast deposit If it is necessary frequently to 
remove a small portion of a culture, this process may be recom- 
mended 

For the development of very large cultures the Carlsberg vessels 
(Figs 10 and 11) are employed They have a capacity of 10 htres, 
are made of turned copper, cyhndrical m shape, and comcal at the 
top ; at the apex of the cone a t-wice-bent tube {c d) with or -without 
an enlargement (e) is soldered into the flask At one side of the 
cone IS th© moculatmg tube and glass stopper («), and near the 
bottom of the vessel is another tube (6) for dra-wmg off the fer- 
mented lic[uid and the yeast This tube is pro-vided -with a pmeh- 
cock Wh^n the hquid is sterilised, the bent tube is closed with an 
asbestos or cotton-wool filter, which is tightly packed on to the 

end (d). . 

In the new model (Fig 11) the bent tube is ground mto the 
upper part of the flask, and fastened by means of a screw, aflowing 
the whole of this part to be detached, when the flask is to be cleaned j 
the filter is screwed mto the end of the bent tube. 


6 Nutritive Substrata. 

With regard to the nutritive substrata, the problem naturally 
consists in, -fi-nrlmg those which are best smted to the reqiective 
organisms If they also possess the advantage of bemg less favour- 
able for the development of competing forms, it is a great pomt 
gamed The fact must, of course, be borne m mmd, when compara- 
tive mvostigations are made m different directionB, that the nutritive 
liqtnd must always remam the same 

For the investigation of yeasts, hopped beer-w(^ forms t 
best nutrient It is best taken from the filter-bags, because t) 
■yield a smaller deposit on boihng m the flasks It is also suit 
for many baotena and moulds ; but for certain bacteria (e g., 1 
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acid bacteria) the sweet wort, without hops, is used, and this^ is 
also adapted for use with moulds. Amongst the artificial nutritive 
fluids for yeast, Pasteur^s (1860) has an historical interest. «The 
renowned scientist used it to upset Liehig^s theory with regard 
to the mdispensabihty of albuminoids for fermentation. It con- 
sists of 100 c c of water, 0 075 g of the ash of yeast, 10 g of sugar, 
and 1 g of ammonium tartrate. A good nutritive fluid can also 
be prepared from yeast decoction with 6 to 10 per cent of sugar. 
Yeast decoction is an aqueous extract of yeast (about 1 litre of 
yeast to 2 litres of water, boiled under pressure), filtered, and cither 
neutralised or rendered slightly alkahne with sodium carbonate 
-or -lime. Por special research, compound hqmds may bo used 
containmg sugar and the salts necessary for nutriment and normal 
growth of yeast, including potassium, magnesium, and calcium, 
phosphates and sulphates For further details, see the chapter on 
the Nutrition of Yeast 

Special nutritive hqmds are also used for bacteriological in- 
vestigation Cohn^s solution has historical mterest, and its com- 
position is as follows — 100 c c of water, 0 6 g mono-potassium 
phosphate, 0 05 g tn-potassium phosphate, 0 5 g crystallised 
magnesium sulphate, and 1 g ammomum tartrate To-day a 
nutritive hrotli is chiefly used, prepared by steeping finely cbopjicd 
beef for a few hours m water, and then boiling and filtering ilie 
hquor The hquid is generally neutralised with soda, or rendered 
slightly alkahne, and after adding 1 per cent of peptone and 
0 5 per cent of sodium chloride, it is agam boiled, filtered hot, 
and finally sterihsed m flasks or test tubes. Such an extract must 
obviously vary m composition, and m special cases resort may be 
had to an artificial nutritive liquid, free from albumen Wo may 
quote that prepared by Voges and Proskauer, consisting of 1 litre 
of water, 6 g sodium chloride, 2 g disodium phosphate, 6 g. am- 
momum lactate, and 4 g asparagm 

A Fischer^s base consists of 0*1 per cent of di-potassium phos- 
phate, 0 02 per cent magnesium sulphate, and 0 01 per cent, 
calcium chloride, dissolved in tap water The solution is tlien 
added to peptone, or peptone and sugar, etc , according to the 
requirements of the particular species of bacteria For the develop- 
ment of lactic acid bacteria (from milk) 0, Jensen uses peptonised 
milk prepared by treating 1 htre of milk with-10 o c of hydrochloric 
acid and 2 g of pepsm By keeping it m the thermostat and fre- 
quently sh aki n g , the precipitated casern is redissolved , the liquid 
IS then neutralised, cleared with albumen, and sterilised at about 
120*^ C 

For moulds, m addition, to beer-wort, fruit decoctions and sugar 
solutions containing tartano acid and tartrates are used or again 
the complicated Raulm's liquid, which is also apphcable to bacteria’ 
and consists of— water 1,600 c c , sugar 70 g , tartaric acid 4 g.’ 
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aminomum mtrate 4 g , animouium phosphate 0 6 g , potassium 
carbonate 0 6 g , magnesium carbonate 0*4 g , ammomum sulphate 
0 25 g , zinc sulphate 0 07 g , ferrous sulphate 0-07 g , potassium 
silicate 0 07 g 

If solid nutrients are required, 5 to 10 per cent, of gelatme is 
added, or, in the case of cultures which aile to be developed at or 
above 30° C , about 1 J per cent of agar-agar, a jelly derived from 
salt water algse, and, by contrast with gelatme, containing only a 
minimum of nitrogen For the cultivation of thermophilous bacteria 
at 60° to 70° C , Miquel uses carragheen moss instead of agar, m the 
proportion of 2 to 3 J per cent Slices of potato sterilised in an auto- 
clave are often used as a solid nutrient Black bread makes an 
excellent solid substratum for moulds For the cultivation of the 
nitrifying bacteria Wmogradsky and Omelianski used gelatmous 
silicic acid. 

For plate-cultures of acid-forming bacteria (lactic acid and acetic 
acid bacteria) some litmus or, preferably, accordmg to Beijermck, 
carbonate of lime (finely precipitated chalk) is added The gelatme 
thus acquires a motley appearance, but the colomes of acid bacteria 
arc surrounded by a clear zone, because the acid dissolves the chalk 
By the use of zme carbonate m plate-cultures, the acetic acid 
bacteria form colonies and display clear zones, whereas the lactic 
acid bacteria are relatively sensitive to this salt, and their growth 
is mhibited 

Pasteur used liquids exclusively for his work on the ferments. 
Later, solid media became of great importance, and Koch laid 
the foundation for their application. 

Plate-cidtures are prepared by mtroducmg the growth mto 
the liquefied gelatme, and then poiirmg the mixture mto a Petri 
dish. When the gelatme sohdifies the mdividuals are separated 
throughout the mass, and, on development, they appear as colomes, 
visible to the naked eye SU eaJc-cultures are those m which a mmute 
portion of the growth is mtroduced on to the surface or mto the 
upper layer of the solidified gelatme on a platmum spatula 
cultures are those m which a fraction of the growth is introduced, 
hy an inoculating needle into a thick layer of sohdtfied gelatine 
Oiant colomes are formed by pourmg a drop of the inoculated hq[iud 
on to a stab in the sohd gelatme 

Comparative researches on colomes of this kmd fonned by 
various types of budding fungi were made by Lmdner and Will. 
By means of a fine pipette a tmy drop of yeast w sovm upon a 
layer of wort or potato-water gelatme, 2 cm thick The ^me 
cell forms graduaUy appear as in the films formed on the surface 
of liquids , but the growths acquire a different macroscopical 
appearance The exhaustive mvestigations of Will, m particular, 
showed typical differences to exist between the two great groups 
of buddmg fungi, when grown for a sufficient length of time ine 
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true sacoliaromycetes develop, not only on the surface of the 
gelatine — ^where clusters of elongated c^s radiate from the edge 
of the central region — ^but the cells axe also seen to grow down 
mto the gelatine, either muformly or in closely packed but not 
equally distributed clusters of cells, or with wart-hke or clustered 
appendages, completely enclosed, radiating from the central region, 
growing upwards, and sometimes outgrowing' the border of the 
colony In these stages of development the colony appears more 
or less variegated with radial stripes and concentno^y elevated 
zones, while the middle region also assumes difierent shapes, either 
flat or raised like a crater above the rest of the colony. A different 
mode of development is observed in the second group of hudding 
fungi — ^Wdha, Pichia, Mycoderma, Torula — ^where the growth 
generally takes place only on the surface of the gelatme. The 
radial and concentric corrugations, which are often rather indistmct, 
axe here due to displacement caused by lateral pressure produced 
by the more freely growing cells Between these fundamental 
forms of the two groups tWe exist many transitional forms 
Bor the preservation of pure oultuxes agar, gelatmes, or liquid 
media axe used. Owing to the great liability to variation which is 
characteristic of bacteria^ it is generally necessary frequently to 
renovate their cultures to avoid any alteration takmg place ui 
their physiological condition The lactic bacteria used for indus- 
trial purposes are preserved m milk or mash, and must be renovated 
at short mtervals * Most mould fungi will stand prolonged pre- 
servation on agar or gelatme. In dry form (m layers of filter- 
paper) many mould species can be kept unimpaired from year to 
year. For the preservation of yeasts, wort-gelatme, wort, or a 
10 per cent aqueous solution of saccharose is employed The ex- 
perience of Hansen and the author, and later that of Holm and 
Blocker, proved that the saccharose solution is an excellent medium 
for preserving yeasts, m which they can be kept alive for many 
years ia the author's laboratory the most satisfactory results 
in preservmg specific properties mtact have always been obtamed 
when the sacch^ose solution was mooulated with a very small dose of 
yeast Wort-gelatme, or more particularly wort, may be employed 
when yeasts are to be preserved for a long time , nevertheless, m 
the author's experience, the use of wort media mvolves the risk, 
as fax as culture yeasts are concerned, that certam races may lose 
the properties most highly appreciated in practice (at aU events 
for a considerable tune ) — e g , in point of attenuation and power of 

* 5*01 the pregervatioiL of the lactic acid bacteiia of milk, Jensen uses milk saturated 
with chalk or, if they to be preserved for a greatei lenrth of tune, agar mixed with 
a shght proportion of dextrose and oosem-peptone prepared m the foUowmg manner — 
100 g (sugar-free) acid-casein is digested for a week at blood temperature with 1 htie 
water, contammg 4 6 per cent HCl and 2 g , pepsm The solution formed contains, 
after neutralisation, stenhsation and iUtration, about 1 per cent N and 1 2 per cent 
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ol^ffication. Some species, such as Sacch. Ludwigii and the 
Sohizosaccharomycetes, cannot hve in saccharose, but remain 
alive m wort for many years 

7. Preparation of the Pure Culture* 

To prepare an absolutely pure culture, it is necessary to make 
sure by direct observation that the development begms with a 
single cell, and that this is so completely isolated that during the 
development no other cell can creep m and render the culture 
impure If such a pure culture is required for experiments on a 
large scale or for actual fermentations, special rules must be observed 
m order that the absolutely pure growth at first developed shall be 
protected from every infection during its further growth m a suc- 
cession of larger flasks Care must, of course, be taken that the 
species IS developed under the most favourable conditions to secure 
a vigorous and normal culture The process m its later stages is 
described m another section We are here concerned with the 
problem of securing the first absolutely pure culture as the point / 
of departure for the mass culture 

The desideratum of direct observation presents difficulties m 
the case of the smallest micro-organisms — ^bacteria. Whilst it 
has long proved possible to directly observe single cells of yeasts 
and moulds on account of the size of their cells, this was not the 
case with the great majority of bacteria It is only recently that 
the techmque has been sufficiently developed to allow of an accurate 
solution of this problem 

Long before there was any attempt to work experimentally 
with absolutely pure mass cultures, experiments m the cultivation 
of micro-organisms had been undertaken with a purely botanical 
object, to discover what different forms a species may assume, 
and with this object the development of single cells was followed 
under the microscope 

As early as 1821, Ehrenberg observed the germination of the 
spores of certam fungi by careful observations of this kmd The 
propagation of yeast ceUs was observed by Mitscherhch (1843), 
Kutzmg(1851), andP Schulze (1860), mthe same way Asmallquan- 
tity of top yeast was diluted with beer- wort until a drop oontamed 
only one or two yeast cells , from this drop an ordinary preparation 
was made, the cover-glass was cemented on to the glass shde, to 
prevent evaporation, and the development of the cell was watched 
under the microscope Similar cultures were employed by Tulasne 
(1861) and de Bary (1866), m their famous researches on the germi- 
nation of spores A considerable improvement m the method was 
made by Brefeld during his detailed researches on mould, blight 
and mildew fungi, m which he followed the development of the 
mycehum until it, m its tiun, again formed spores The infection 
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on the object glass was protected by means of a small shield, of 
paper fastened on to the tube of the microscope, and this was 
afterwards converted into a moist chamber (1881), after Brofcld 
had recognised the danger of foreign germs penetrating into the 
cultures He dilated the material with water, brought a drop 
containing a single germ on to the cover-glass, added some nutritive 
hquid containing gelatme, and placed the cover-glass, wnth tho 
drop underneath, on to a glass ring (Bottcher^s chamber), which 
was fastened to the object glass As the apparatus and the nutritive 
liquid were sterilised, all the necessary conditions were fulfilled for 
carrying out a culture experiment without contamination Wo 
may here see how improved methods of cultivation have led to tho 
preparation of an absolutely pure culture By the help of his 
cultures Brefeld (1883) made the mterestmg observation that m 
qmte a number of fungi (e g , the smut of wheat, the boil-blight 
of maize) the conidia are able to propagate by direct budding, 
like yeas^ without throwing out new seed-carriers. 

A short survey follows of the different methods which have 
been apphed for preparmg e cultw es on the large scale. 

(a) Physiological Method. — At the earhest stage, attempts were 
made to reach the goal by calculating probabihties, and treating 
the whole growth, without condescendmg to isolate single cells 
The physiological methods, the enriching process employed 
by Pasteur, Cohn and others, start with the fundamental idea 
that the various species occurrmg in a mixture will multiply un- 
equally according to their different nature when they are cultivated 
m one and the same nutritive hquid and at the same temperature, 
so that those species for which the conditions are unfavourable will 
be gradually suppressed by the one or more species for which the 
conditions are favourable When the growth has developed under 
the selected conditions for quite a short time, a rnonute fraction 
IS moculated mto the same nutritive hquid m a fresh vessel at the 
same temperature, and this process is repeated many times 
Different hquids have been employed for such cultures from time 
to time , for instance, alkahne hquids for bacterial growths, acid 
hquids to free yeast growths from bacteria (lactic, tartaric, hydro- 
fluoric acids, etc.) The weak pomt of all such methods is, that they 
start from an unknovm Twa^emJ—namely, the im/pure rmxtvre It 
is, therefore, impossible to know what results such a treatment 
will le^ to, for we are not dealing with any true method In fact, 
there is always the possibihty that ihe weaker species are not 
destroyed, hut merely checked and retarded, so that when the 
^onger species, aitec reaching then maximum development, 
become weaker, other species will have a chance of multiplying. 
Tins possibflity also occurs when the growth is transferred to 
ai^ther substratum Likewise, there is always the possibility 
that not one hut two ox more species thrive equally well m the 
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liquid, and, consequently, develop to the same extent Such, 
ior instance, was the case with brewers' yeast before pure cultures 
were employed. This yeast often yielded several typically different 
species of culture yeast," as they are termed The method given 
by Pasteur for the panfioation of brewers' yeast may be quoted 
as a marked illustration of the dangers connected with the physio- 
logical method of treatment The impure ye^t-mass is introduced 
mto a cane-sugar solution, to which a small amount of tartaric 
acid has been added The object of the method is to free the yeast 
from any disease germs with which it may be infected. Hansen's 
mvestigations have, however, proved that, even if the bacteria 
are suppressed or checked by this treatment, simultaneously the 
wild yeasts, and among them those productive of diseases m beer, 
wiU develop abundantly, and m many cases the culture yeast, 
which it was intended to purify, is entirely suppressed. Even 
if there is primarily only a trace of the wild yeasts or '' disease " 
yeasts, these are apt to develop to such an extent by Pasteur's 
treatment that they may eventually form the predominant part 
of the yeast-mass 

The use of hydrofluoric acid or its compounds, such as am- 
monium fluoride, for the purpose of purifying an impure yeast — 
brewers' or distillers' yeast — as proposed by EflEront, is hable to 
lead to the same dangers as the use of tartaric acid Methodical 
experiments made by Holm and the author have shown that by 
treatmg impure yeast according to Effront's process, the growth 
of wild yeast and Mycoderma species is forced more than that of 
the culture yeast , they have ^so shown that such a dangerous 
species as Bactenum aceU is m many cases not suppressed at all 
by the treatment m question, but, on the contrary, multiphcs more 
rapidly m presence of hydrofluoric acid or fluorides 

Phosphoric acid is also employed m practice for repressing 
bacterial growth, and it is claimed that the acid has the additional 
advantage of stmmlatmg the alcoholic enzyme Some 2 to 3 g 
of acid per kilo are added to the yeast on pitching or from half an 
hour to an hour before pitching 

If, now, we ask whether it is advisable to employ any of the 
various methods mentioned above for the purification of an un- 
known and impure yeast-mass, the answer must be m the negative , 
and this will be the case whether the culture is intended for purely 
scientific or for industrial purposes, for the danger will never be 
excluded that m prolonged cultivation other species than the 
one desired wfll gam the supremacy The starting pomt being 
unoertam, it necessarily follows that the result must be so too. 
In fact, all such methods must now be regarded as antiquated, 
and as complete failures -Nevertheless, they may possibly be 
used m isolated cases before proceeding to the preparation of a 
pure culture In this way it is possible by suitable treatment 
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of the impure material to secure a preponderance of the group 
of the desired species in the mixture, so that pure cultivation 
may he facilitated Thus the treatment described with tartaric 
\ acid or hydrofluoric acid gradually converts the mixture into a 
1 growth of wild yeasts If a mass of yeast is strongly contaminated 
with bacteria, cultivation at very low temperatures may possibly 
suppress the bacteria* if the yeast is able to develop under these 
conditions If it is desired to obtain a pure culture of the lactic 
— acid bacteria from a mash, the material may be prepared by keepmg 
it a short tune at 60° to 66° 0. At this high temperature many 
bacteria cannot thrive, whilst certain species of lactic acid bacteria 
can stand a high degree of heat, and thus spread throughout tho 
material In the same way m the cultivation of film-formmg 
bacteria, such as acetic acid bacteria, the growth may undergo 
a prelumnary purification by repeated moculation of the film in 
fresh liquids. This process was used by Pasteur m his researches 
on acetic acid bacteria To make an approximate separation of a 
large and small species of yeast m a mixture, we may resort to 
decantation or filtration through a medium which will allow the 
small cells to pass. 

It is coimnon to all these methods that with more or less luck 


it is possible to brmg about the preponderance of one or more 
groups of micro-organisms m a mixture, but it is obviously impossible 
to obtain m this way the exclusive presence of one particular species. 

(6) Dilution Methods. — The second group of methods employed 
for physiological purposes embraces the dilution methods, or 
frac^onal cultivation,^^ the prmciple of which is to dilute tho 
material to such a degree that it is ultunately possible to isolate 
a single cell. Brefeld used the dilution process for his botanical 
investigations of moulds, where he was able, owing to the size of 
the cells, to ensure that only a single cell was present in a small 
drop of watei m the moist chamber Pasteur utihscd avr {EUides 
8VA Id 1876) as a diluting medium for preparing pure cultures 
He started from the fact that if nutritive hquids are exposed to 
the action of an, fermentation takes place, excited by tho germs 
which fan on to the surface To isolate single germs from the 
yeast mass, he proceeded as follows — small quantity of yeast 
was dried and ground with powdered gypsum. The fine dust was 
thrown mto the air at as great a height as possible, and whilst tho 
^icles were floating down, a series of vacuum flasks were opened. 

1 yeast cells, which were finely distributed through- 
out 1^0 dust cloud, might penetrate singly into some of the flasks 
Ihe fir^ application of the dilution method to bacteria was 
made by I^ter (1878) To prepare pure cultures of lactic acid 
baetena he firat detommed mioroscopically the number of bacteria 
m a minute drop of sow milk, counting them m several fields of 
e preparation, and thus oalculatnig their whole number. He 


t 



PEEPABATION OP THE PUBE CELTHEE 


43 


then estimated the amoimt of sterilised water it was necessary 
to add so that after ddntion there would be on an average less than 
one bacterium ih each drop With five such drops he mooulated 
in one case five glasses containing boiled mi l k The result was that 
the imlk in one of these coagulated, showing that it contained 
Bacterium lactis^ whilst the four other glasses remained unaltered,, 
and did not show the presence of bacteria The same method 
was subsequently employed by Nageh and Fitz (1882) 

In comparison with the physiological methods the dilution 
method now described is a distmct advance , mdeed we have 
thus approached much nearer to the goal On the other hand, 
it IS clear that, even if the dilution is earned as far as m the case 
mentioned, m which only one of several flasks shows development, 
it IS not yet proved that this one flask has received only one germ 
Thus, there is stiU great uncertamty, even m cases where the in- 
dividuals with which we are working can be counted Moreover, 
it IS extremely difficult to count individual bactena, and often, 
indeed, quite impossible In all cases the accuracy of such calcu- 
lations IS very questionable Thus, the problem remains to be 
solved How are we to distinguish the flasks which have only 
received one cell from those which, notwithstanding calculation, 
have been infected with several cells ^ 

In the case of yeast the process was further developed by Hansen 
(1881) He employed dilution with water, m the following manner : 
— The yeast developed in the flask is diluted to a given proportion 
with sterilised water, and after vigorous sha king , the number of 
cells in a small drop of the hqmd is determined The counting, 
m this case, is easily carried out by transferring a drop to a cover- 
glass, m the middle of which some small squares are engraved, 
which form a starting point for the eye, and the cover-glass is then 
attached to a moist chamber (lig 4) , the drop must not be ahowed 
to extend beyond the lunits of the squares The cells present in the 
drop are then counted. Suppose, for instance, that 10 cells are 
found , a drop of similar size is transferred from the hquid, which 
must first be shaken vigorously, to a flask containing a known 
volume — e , 20 c c of sterilised water This flask, then, will m 
aU likelihood contam about 10 cells If it is now vigorously shaken 
for some time until the cells are equally distributed in the water, 
and 1 c c of the hquid mtroduced mto each of 20 flasks contami^ 
nutritive liquid, then by calculation half of these 20 flasks should 
receive one ceU each If the infected flask is strongly shaken and 
then allowed to stand, the single cells sink and remain on the 
bottom. It IS evident that if a flask contains three cells, they 
wiU, in the great majority of cases, be separated by the “porous 
shaking, and be deposited in three distinct places on the bottom. 
After some days, if the flask is raised carefully, it wiU be observed 
that one or more white specks have formed on the bottom o e 
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flask. If only one such speck is found, then in all prohabihty the 
flask has only received a single cell. 

It was by this method that Hansen prepared all his earliest 
pure cultures, with which he carried out his fundamental researches 
on alcohohc ferments 

Solid nutrient media have also been employed for the prepara- 
tion of pure cultures by the dilution method The foundation 
of such methods was laid by Schroeter (1872), who, m his researches 
on pigment-bactena, employed shoes of potato as a nutrient. He 
had observed that when such slices had been exposed for some 
time to the air, specks or drops of different form and colour made 
their appearance Each of' these specks usually contained one 
species of micro-organism 

Koch considerably developed and improved this method He 
at first prepared his pure cultures by means of streak infections 
in nntnent gelatme He afterwards devised a far better method, 
the plate-culture method (1883) The process is as follows * — 
trace of the crude culture is teansferred to a large quantity of 
sterilised water. Erom this a small quantity is transferred to a 
test-tube oontaming, for instance, a mixture of meat-broth and 
gelatme warmed to 30*^ 0 The tube is shaken in order to distribute 
the germs, and the contents poured on to a large glass plate, which 
is then covered with a bell-jar The gelatine quickly sets, and the 
germs are enclosed in the solid mass In a few days they develop 
to colomes — dots or specks which are visible to the naked eye 
The purity of the bacterial growths m the gelatme is ascertained, 
according to Koch, partly by their appearance. 

An improvement m the method consists m the use of glass 
dishes with lids instead of glass plates, the Petri dishes (mtroduced 
by Salomonsen), mto which the hquefied gelatme is poured , or 
the roU-tubes of Esmarch may be used, prepared by contmu- 
ously rotating a test-tube round its longer axis until the inoculated 
gelatme has set in the tube, so that the whole of the inner surface 
IS covered 

When species are being developed which require a high tem- 
perature (at which gelatme would be hquefied), plates are made 
of agar, or of agar and gelatme The growth can be mixed with 
the hquefied material, or else spread over the surface of the soil, 
either by strokes of a platmum poncil, or by stabs with an inoculated 
needle 

After selecting colomes, which appear to be pure, from a plate 
prepared m any one of these ways, a new plate-culture may bo 
prepared from one colony. If all the colonies that develop on this 
plate are pure, it is probable that we are dealing with a pure 
culture. 

WTien regarded more closely it will be seen, however, that 
there is no essential difference between the distribution of the 
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germs, m liquefied gelatine, and Lister's method of dilution by- 
means of liqmds The same uncertainty is always present , neither 
the macroscopical observation of the appearance of the colony nor 
the microscopical examination of its contents gives any surety 
of its only containing one species 

The only possibility of securing a really pure cultme in the 
gelatine consists in the direct observation of one individual germ 
and its development 

Hansen did this for yeast by usmg Bottcher’s moist chamber 
The lower side of the cover-glass is covered with a layer of wort- 
gelatine, m which the yeast cells are distributed. On account of 
the size of the latter, it is possible to see whether a single ceU hes 
so wide apart from other ceUs that the colony developed from it 
will form a pure culture 

The chamber is then either allowed to remam under the micro- 
scope, in order that the propagation of the germs may be directly 
followed, or the positions of well isolated germs are marked, either 
by dividing the glass-cover mto small squares, or by means of the 
object marker, and the apparatus is placed m the mcubator untd 



ITig 12 — Jorgenaen's moiat chambei "with etched squaies and nmnbeis 

the colomes are fully developed The cover-glass is then lifted off 
and placed under a bell-jar, so that the gelatme layer is turned 
upwards, and the colomes are transferred mto flasks In the 
author's’ laboratory moist chambers like that represented m 
Fig 12 are used, the cover-glass bemg etched with 16 squares 
and numbers The situation of the cells is then marked on a sketch 
plnn which shows all the etched numbers and squares The author 
tia.g ^tered the process by cementmg the cover-glass on to the ^ass 
rmg, and fastening the latter to the object gla'ss with vaselme 
To remove the chamber, the ring is lifted off, and this is a more 
convement and more certam process than lifting the cover-glass, 
for It IS possible to transfer the colomes without mvertmg it. On 
one cover-glass there may be 60 to 60 well isolated germs When 
the colomes are conveyed to the flask by means of a small piece 
of pin-i.iTniTn or copper wire, which has been previously igmted 
and cooled, the culture is momentarily m the an, and is then 
exposed to contammation But the danger of contamination at 
this the single weak pomt, is reduced to an insignificant Tninimum, 




46 


MIORO-OEGAiriSMS AUD B'BRMBNTATION'. 


and disappears if the operation is performed m a small enclosed 
sterile space, for instance, m a small cupboaid with glass sides 
sufficiently large to admit the apparatus and the operator's hands 
In this way the transference of the colomes is effected with aU 
possible security From the first flask the culture can be trans- 
' ferred without contanunation to a continually increasing number 
of larger flasks. 

For the pure cultivation of brewery, distillery, and wme yeasts, 
vigorous cells must be conveyed to the gelatme m the moist chamber 
According to J C Holm, on an average only about 4 per cent, of 
the inoculated cells do not develop, wlnlst from a growth of yeast 
that IS taken at the end of the fermentation, in which the cells are 
weakened, about 26 per cent do not develop. It is usually pre- 
ferable to convey a smaU. average sample of the yeast into wort 
or must, and then to use the very young growth, which is developed 
when the first trace of fermentation is observed. To decide whether 
any of the selected yeasts are of value for mdustrial purposes, a 
large number of cells must be isolated, as indicated by the author 
as early as 1886 After years of eicpenence, it has proved impossible 
to speak of a preponderant species or race from which any mdi- 
vidual can be chosen The single type or species contains withm 
itself so many varieties which have come to development under 
the conditions existmg m practice, that a careful choice must be 
made from these A thorough study of the different varieties of 
the t 3 rpe by means of comparative experiments will show which 
of the cultures is of the greatest value m practice 

As early as 1883, Koch's method of plate-culture was tested 
by Hansen. He prepared a mixture of two species of yeast which 
can be distmguished from each other imoroscopioally — ^viz , Sctc- 
chaiomyces cupmdatua, and a species of the group 8 ceremsios. 
This mixture was mtroduced into wort-gelatme, and after shaking 
was poured on .to a ^ass plate Of the specks formed, about one- 
half contained one species exclusivdy, the other half the other 
species, and in one of the specks both species were found. 

A similar control was earned out for bacteria by Miquel (1888), 
who introduced 100 colomes from a plate-culture obtamed m an 
air analysis mto 100 flasks contammg meat-broth with peptone. 
The examination of the growths devdoped m the flasks showed 
that they contained 134 diffexent species of nuoro-organisms. This 
evidently depends upon the fact that it is very difficult, and often 
quite impossible, to separate all germs of bacteria and other organ- 
isms from each other by shakmg the gelatine mixture 

Holm’ has subjected the method to a thorough analysis (1891), 
in the case of a large number of yeast species, absolutely pure 
cultures of which were prepared by the Hansen method. The result 
of 23 series of experiments with different mixtures was that only 
m a smgle case were 100 colonies developed from 100 cells In all 
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the other senes the method proved faulty. In the most unfavour- 
able case 100 colomes were formed from 136 cells, and the average 
number obtamed was 100 colonies from 108 cells This proves 
the plate method to be defective also m the case of yeast 

A modification of Brefeld’s culture of a single ceU m a hanging 
drop IS that known as the drop culture, mtroduced by P. T,iTi.^T)^»r 
m 1893 It consists m conveying to a cover-glass a number of Rmnli 
drops of a diluted culture m a nutritive liqmd by means of a mapping 
pen The cover-glass is fastened by a ring of vasehne on to a hollow- 
ground object glass, and those drops are noted that contam only 
one ceU Care must, therefore, be taken that the drops do not 
flow together before the pure culture is conveyed to a flask. 

Bum attempted to solve the problem of preparing pure cultures 
of bacteria under direct observation of single cells by the help of 
his Indian ink pomt culture He dilutes ordinary hquid Tn(1ia.Ti 
mk with water m the proportion of 1 to 10, and after sterilisation 
infects with the bacteria, and then dilutes to such an extent that 
small drops of 0 1 to 0 2 mm. diameter contam on an average a 
smgle germ Such drops are placed at smtable distances with a 
mapping pen on the surface of a layer of nutrient gelatme, where 
they immediately evaporate, and are then protected by flamed 
cover-glasses Much smaller drops can be deposited on gelatme 
than on a cover-glass The contents of these specks can then be 
controlled under a high power, and those noted which contam a 
smgle germ, a process that is rendered easier by the fact that the 
bacteria appear clear on a greyish-brown ground. If they can 
grow m gelatme the development is allowed to contmue, but if 
they require high temperatures they may be conveyed to an agar 
plate by cautiously raismg the cover-glass, and as the speck of mk 
IS more firmly fastened to the glass than to the gelatme, the germ 
IS carried with the glass, so that it can be conveyed along with this 
to the agar plate After removing the germ from the gelatme 
plate a drop of nutritive hquid can be placed on the mk fleck of the 
cover-glass, and so the germ may be developed m a hquid The 
process can also be used for the cultivation of anaerobic bacteria 

Anaerobic bacteria demand special methods of cultivation, in 
which tho atmospheric oxygen must be removed both from the 
substratum and from the space m which the bacteria are growing 
Pure cultivations may be carried out m nutrient gelatme or agar 
with 1 or 2 per cent dextrose, m tubes filled almost to the top, the 
bacteria growing m the bottom layers. 

A still better process consists m removmg the air froja the tes^ 
tubes by means of an arr pump, whilst the glass is immersed in 
water at 30° to 36° 0 , after which it is hermetically sealed. Another 
method is to remove the an with a current of hydrogen This is 
convomently carried out m the following way {FtanM) — A mde 
test-tube IS fitted with an mdia-rubber stopper with two holes 
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carrying two glass tubes, one of wbicb reaches to the of 

the test-tube ; the other ternunates just below the stopper When 
the vessel has been covered with nutrient gelatine or the like, and 
stenhsed, it is inoculated with the growth, and a stream of hydrogen 
is passed' through the long tube The tube is sealed up as soon as 
the air is completely driven out The stopper is sealed with melted 
guttapercha, and if gdatme or agar is being used the test-tube is 
rotated round its longer axis until the material has sohdified The 
bacteria develop slowly on the inner surface of the glass 

The cultivation can also be carried out by ut ilisin g a substance 
that will absorb oxygen — e,.g , pyrogalhe acid (1 gram of the chy 
reagent in 10 c e of a one-tenth normal potash solution). To carry 
this out the open test-tube or plate-culture is placed in a larger 
air-tight test-tube or vessel containing the reagent The nutrient 
liquid may also be stenhsed at the bottom of a test-tube, into 
which a stopper of hygrophobic cotton-wool has been mtroduced , 
above the latter is placed a stopper of hygroscopic cotton-wool, 
thoroughly moistened with the alkahne pyrogallol solution, and 
the tube is then closed with a rubber stopper An example of tho 
velocity with wbeh oxygen is absorbed is cited by Riemsdijk : 
400 c c. of aar .at rest may m thirty mmutes be deprived of its 
oxygen by 10 c c of KOH (20 per cent ), and 3 e.c pyrogallol 
(44 per cent ). A nse of temperature will increase the rapidity of 
oxygen absorption 

The culture may also be covered with paraffin, vaseline, oil, 
plates of mica, etc 

Reducing substances like grape sugar, especially m an alkalmo 
solution, or mmate quantities of formic acid or sodium indigo 
sulphonate may be added to the nutritive substance, in order to 
favour the growth of anaerobes 

If it IS wished to ascertam with certamty, m using one of those 
processes, when all oxygen has disappeared, a concentrated alcoholic 
solution of methylene blue may be used as an indicator , as soon 
as the last trace of oxygen is absorbed or removed the mdicator 
will be entirely decolourised The same apphes to the addition of 
mdigo carmine (neuteal sodium indigo sulphonate). 

8. Counting the Yeast Cells. 

The multiplying capacity of the yeast cells can be estimated 
by directly counting the cells that are present m a given volume 
of the liquid at different stages of the fermentation 

The counting is performed by means of an apparatus con- 
structed by Hayem and Nachet, and by C Zeiss (I^ 13), wbch 
was first employed for counting the corpuscles of blood' (honco 
termed JuBnwiiwetei ) The hsematuneter consists, as shown in 
the diagram, of an object glass on wbch a cover-glass of known 
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thickness {e 0*2 mm,) is cemented, and from the centre of which 
a disc has been cut out A small drop of the liquid containing the 
cells IS brought mto the cavity thus formed, a second cover-glass 
IS placed over the opening, and thus rests on the cemented and 
perforated cover-glass The drop of liquid must not be so large 
that the pressure of the cover-glass causes it to flow out from the 
enclosed space, yefc it must be high enough to be m contact with the 
cover-glass The thickness of the layer of liquid is then known. 
In order to determine the other two dimensions, and thus be able 
to work with a given volume of liqmd, one of the weU-known forms 
of micrometer is mtroduced mto the eye-piece of the microscope 
It may consist of a thin piece of glass on which 16 small squares 
are engraved The actual value of each of these squares is known 
when a given system of lenses is employed, and thus, when the 
square is projected on the object, a small prism of known volume 
IS defined In certam cases it may be more expedient to make 
use of an appliance constructed by Zeiss, of Jena, from the instruc- 
tions of Thoma, which consists of a fine system of squares of knowii 
size, engraved on the object-glass itself at the bottom of the cavity. 




Eig 13 — Htematunoler — a, ob]oct-glasB , &, cemented cover-glafts ^ith circular opemng ; 

c, cover-glaws 

This also miproves the microscopical defimtion of the cells which 
are on the bottom of the chamber 

When it is merely desired to determine the rapidity with which 
the cells multiply by repeated observations of the number of cells 
m the same volume, it is quite superfluous to determine its size , 
it IS simply necessary to work always with the same volume 

The sample taken should always be a fair average. In most 
cases it must be diluted and thoroughly agitated for a long time, 
m order to obtam an equal distribution of the cells , the specific 
gravity of the liquid must also be such that it will allow the cells 
to remain suspended m it for a short time A small drop is then 
withdrawn m a oapiUary tube, transferred to the counting appa- 
ratus, and covered with the cover-glass. GHie apparatus is allowed 
to remain at rest for some time, m order that the cells may settle 
to the bottom of the enclosed space, and on this account the specific 
gravity of the liquid must not be greater than will allow this to 
take jilace m a convement time Both these requirements arc 
generally satisfied by the wort employed in breweries. 
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If it is found that the determinate volume contains too many 
cells to he counted with certainty, the liqmd must he diluted. This 
may he advisable for other reasons, partly to prevent the formation 
of froth, which may otherwise form abundantly from the violent 
agitation, and partly to isolate the single cells which frequently 
cluster as colomes m the wort, and are not always separated by 
shaking. S^ally, it is necessary, whilst the coimtmg is going on, 
to arrest the development of the yeast cells m the sample. 

Hansen found that dilute sulphimo acid (1 to 10) on the whole 
answers these requirements , hydrochloric acid, ammoma and 
caustic soda may ^so he used, but they are not so good. If very 
great dilution is required, distdled water may he added, after the 
addition of one to two volumes of dilute sulphuric acid. 

When the different volumes of liquid are measured with accuracy, 
and particular care taken that the cells are thoroughly distributed 
by vigorous and prolonged shakmg, the determination can be made 
with great accuracy. Two similar dilutions must always be made, 
and samples taken from each for counting As a matter of course, 
experiments must also be made to determine the number of the 
small squares, the cell contents of which must be counted to arrive 
at a true average Such counting and determmation of the average 
numbers is contmued until the number finally obtamed is found 
to have no further influence on the average value The number of 
countings necessary, and the accuracy generally, depends on the 
experience and care of the observer 
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CHAPTER II. 

BIOLOGICAL EXAMINATION OF AIR AND WATER. 

The investigations mto spontaneous generation already referred 
to naturally led to the study of the organisms in air, and after 
Pasteur, m particular, had demonstrated that air contamed not 
bacteria only, but also fungi giving rise to alcoholic fermentation, 
air analyses acquired an mterest for the zymophysiologist, for 
the fermentation mdustry Such comprehensive researches are 
now available that it has been possible to arrive at an idea of the 
biological composition of the air on a large scale, and to form a 
judgment of these conditions m relation to the brewing mdustry. 
At tot, when it became known that crowds of living germs, capable 
of development, could occur even m very small volumes of air, 
there was a natural inclmation to exaggarate their effect m practice, 
and to attribute any excessive growth of disease germs m a fer- 
mentation to the direct influence of the air 

An exhaustive study of the conditions occucring m practice, 
carried out in recent years under systematic biological control, 
has shown that this influence had been exaggerated, and that 
it IS possible, even where an an analysis has shown the presence 
of numerous germs capable of producmg disease in a fermenting 
hquid, to suppress the partly dried and weakened germs falhng mto 
the liquor by the addition of the excessive number of yeast cells 
contamed m the pitching yeast 

Large growths of disease-producing organisms were only found 
in practice if they had been ^owed to develops on certain mfected 
areas. The germs m the an are thus only mdnectly the cause of 
disturbances in practice, and under normal conditions can seldom 
be of importance 

The majority of air analyses have been undertaken with a view 
of throwing light on the obscurity which surrounds most con- 
tagious diseases, nearly aU of which are, as is weU. known, attributable 
to the agency of micro-organisms. With regard to the organisms 
of fermentation, these have been investigated by Pasteur, and, 
later, especially by Hansen. The French savant stated that, whilst 
these germs are ^ways floatmg about m the air, th&y are present 
in much larger quantities in the dust which settles on the vessels and 
appftratus employed The actual fungi giving rise to alcoholic 
fermentation are present m comparatively small numbers m the 
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air, whilst the germs of moulds axe more frequent , ho further 
showed, as was subsequently done by Tyndall, that tho gorin- 
contents of the air vary both with regard to quantity and species. 
These results were obtamed by exposing beer-wort, wine-must, or 
yeast-water containing sugar, m open, shallow dishes, at different 
places, and examniiTig then contents after some tune for niicro- 
Bcopical germs Pasteur also employed for this purpose the so- 
called vacuum flasks, containing nutritive liquids and rarefied 
air. On opening the flask a sample of germ-laden air could bo 
drawn in 

The most important air analyses undertaken m recent years 
are, mthout doubt, those carried out by Miqael, tho du’cctor of 
the laboratory specially arranged for this pnrposo at Montsouris, 
near Paris. His fellow-worker, Ereudenreich, has also made valuable 
contnbutions to our knowledge of this subject 

Miquel performed his fllrst eiqjenments with a so-oallocl Ai^'d- 
Bcope (Pig 14), which is constructed m the foHowing inannei’ 



14 Aao&oope jjg jg — Miqucl’u ap))ivratnH lor 

au‘ analyms 


A bell-shaped vessel, A, is provided with a tube, 0. throuffh which 
^ can be aspirated A hollow cone, shown in the left-hsnd fionm 
«ewed into the bottom of A , th; Sh“f the fone'p 

^ S HSr SHS 

development “t^cepted germs are actually capable of 

paratusfJbg 16) — The flask ^ baa employs the following aj)- 
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IS fitted with a ground cap, H, provided with a narrow filter-tube 
containing sterilised cotton-wool, asbestos, or glass-wool, us On 
one side of the flask is a tube. Asp, which is constricted in the middle 
and is provided with two cotton- wool plugs, w' and w On the other 
side IS another glass tube connected by rubber, h, with the tube B 
which IS drawn out to a point, and closed by fusing the end. The 
flask Ls partly filled with distilled water, and the whole apparatus 
sterilised, 'V^ien the apparatus is to be used, the tube Asp is 
connected with an aspirator {eg , & bottle filled with water and 
provided with an outlet cock) , the cap H is taken off, and the air 
then passes, bubble by bubble, through the opening o, through 
the water g, and out through the cotton-wool plugs of the tube 
Asp As all the germs in the aw are not retamed by the water 
when the aw-bubbles ascend through the latter, the cotton-wool 
plug w IS intended to catch those which get past the water When 
the eiqieriment is finished, the cap H is replaced over the tube R. 
By blowing through Asp, the liquid is made to ascend m .R, in order 
that any germs winch may have settled on the walls of the tube 
may be wa.shed down into the liquid Then, by blowing with 
greater force, the inner cotton-wool plug w is driven down mto 
the liquid, and its germs shaken off mto the latter After sterilising 
the thm tube 15 m a flame, the pomt is mpped off, and the hquid 
IS now — ^by blowing through Asp — ^transferred, drop by drop, into 
a large number of flasks containmg sterfiised broth 

Tho mam object then is, by means of preparatory experiments, 
to obtain such a dilution of the aw-infected water that a consider- 
able projjortion of the small flasks (one-halt for example) remam 
sterile after inoculation , or several samples of the water may be 
diluted to different degrees, and a series of flasks mooulated from 
each dilution ("fractional cultivation”) If a large number of 
the flasks show no development of organisms, there is a certain 
probabihty that m each of the remammg flasks in which growths 
have develoiiod, only one germ has been sown A simple calculation 
will then show how many germs capable of development in the 
medium employed were present m the volume of air aspirated 
through the origmal flask 

By these methods of investigation Miquel found that similar 
volumes of air in the same locahty contamed at different times a 
varymg number of bacteria Contmued ram purifies the air from 
bacteria to a marked extent, and theur number contmually diminishes 
as long as the earth is moist , but when the ground dries, it gradu- 
ally increases agam Thus in the dry seasons of the year the number 
of bacteria is usually the greatest, whilst the moulds, which thrive 
best in moisture, and carry spore-bearing hyphse, which project 
upwards, arc most abundant durmg the wet seasons The purest 
air IS found m the wmter tune , the air of towms is less pure than 
that of the country ; germ-free, or nearly germ-free air is found 



54 


MIOEO-ORGAKISMS Am) PIBMENTAOTION. 


at sea and oil lugh. laountains. In certain places ^hospitals, for 
instance— the air has been found to be very rich in bacteria , in 
one case even fifty times richer than the air in the garden at Mont- 
souris. 

An entirely different method for determmmg the organisms 
contained in air is that employed m Kooh^s laboratory, and moro 
completely developed by Hesse A glass tube, about 1 metre long 
and 4 to 5 cm. wide, is closed at one end with a perforated mdia- 
rubber membrane, over which another non-perforated cap is 
bound. A little hquefied nutrient gelatme is then poured mto the 
tube, after which the other end is closed with an india-rubber 
stopper, through which passes a glass tube plugged with coiton- 
wocrL The whole apparatus is then heated sufficiently to render 
it sterile, after which the tube is placed in a horizontal position, so 
that the gelatme sets m a layer m its lower part. When the air 
is to be examined, the outer mdia-rubber cap is removed and air 
slowly drawn through the tube The germs contained in tho air 
settle down on the gelatme, and after the aspiration is concluded 
the tube is agam closed and placed m the incubator, whore some 
of the germs produce visible colomes, which are easily counted. 
The re^ts show that with a sufficiently slow current of air, tho 
bacteria, which are often floating about m the air in larger or 
smaller aggregations (frequently clinging to dust-particles, small 
fibres, or splmters), settle sooner than the mould-spores , so that 
the gelatme m the fore part of the tube generally showed a pre- 
ponderance of the bacteria colomes, whilst the mould-spores 
developed further on 

Miquel'’s method is to allow the an to pass through a hollow 
oylmder of sohdified gelatme, in which the germs are retained. 

Hueppe, V. Schlen and others use hquid gelatme for an analyses, 
the air being aspnated through the gelatme, after whic h tho latter 
is poured on to glass plates 

Erankland, Miqud, Petri, and Picker use porous "^^A-sajpLb- 
stances for the filtration of an for analytical pujrposes , as, for 
example, powdered glass, glass-wool, sand, sugar/ etc The sand- 
filter employed by Petri is 3 cm long and 1*8 cm wide It is 
packed with sand, previously igmted, the size of the grains being 
from 0 25 to 0 6 mm Two such sand filters are placed one behind 
the other m a glass tube In the first filter all the dust-particlos 
containing germs should be retained, whilst the second filter servos 
as a control The sand charged with germs is distributed m shallow 
glass dishes and covered with liquid gelatme The germs accom- 
panying the dust-particles will then form colomes m the gelatine. 

When samples of the an contents are to be sent from one place 
to another, these ah filters will answer the purpose. On receipt 
of a sample, the sand may be washed mto gelatme or, preferably, 
into stenhsed water After vigorously agitatmg the water, it is 
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added m drops to flasks oontaming nutritive liquid, or it may 
be used in plate-cultures 

When samples of air are to be sent to the author’s laboratory, 
short oylindnoal glasses are used, having india-rubber stoppers, 
which project well beyond the mouth of the glass The latter are 
half-filled with sterilised water or with the nutritive hquid in actual 
use. When the glass is opened at its destination, the stopper is 
placed by it with the wet end turned upwards, care being taken, 
of course, that this is not touched A suitable time having elapsed, 
the stopper is replaced and tied down. 

Mquel has raised an objection to the employment of gelatine 
plates for this purpose, based upon numerous experiments He 
asserts that many bacteria, when exposed to a temperature of 20° to 
22° 0., require a fortnight’s mcubation before developing distmct 
colomes m gelatme , on the other hand, there are species which 
very soon hquefy the gelatme, thus rendering further observation 
impossible The same is the case with the moulds, which often 
spread aU over the plate in a few days Thus, it becomes necessary 
to count the colomes at so early a stage that many of them are 
not yet visible An additional drawback to the gelatme plates is, 
that the development cannot take place at a temperature higher 
than 23° to 24° C , otherwise the gelatme will hquefy, but many 
species of bacteria present a characteristic development only at 
considerably higher temperatures Other species, moreover, do 
not develop in gelatme at all, but only m bqmds. FmaUy, it is 
urged as a very material objection to the gelatme plates that many 
of the colomes consist of several species Miquel proved this by 
mtroducmg the colomes, one by one, mto meat decoction with 
peptone, and then agam preparing plates from these growths. Thm 
IS m part due to the fact that the bacteria, as shown by Petri, 
often occur m aggregates m the air, and these will either fall directly 
on to the gelatme plate or become mixed m the hqmd gelatme, 
wlioro it would, b© very diffioult to sepftrait© tli6 mdiYiduftls from 


each other by agitation 

E 0 Hansen’s mvestigations of the an were made between 
1878 and 1882 His main object was to throw light on questions 
aftectmg the fermentation mdustries. As is well known, his re- 
searches on Sacehaiomyces apiculatus (1880) were partly based on 
work of this nature Since tbe question concerned tne orgamsins 
which occur in brewing operations, the choice of a nutntiye hquid 
was easily determmed— -namely, wort as ordinarily employed m 
breweries. The apparatus used consisted either of Erle^eyer 
flasks closed with several layers of stenhsed filter paper, the con- 
tents of which, were boiled for a certain time, or of vesse s s 
to Pasteur ^s vacuum flasks, the necks of whicb. were drawn ou o 
a, fins, pomt, md closed mth eceJmg-waoL while tto oontonte w»o 
boilmg. A little below the point a scratch was made with a hie, so 
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that the point might be easily broken ofi when it was dwircil to 
admit air. 

When these flasks had been filled with the air of the locality 
to be examined, they were again closed with sealing-wax and 
thoroughly shaken in order to mix the contents of tho inliltratcd 
air with the hquid. The flasks were then put aside for a longer or 
shorter time, lasting m some cases for six weeks, and thoir contents 
examined under the microscope 

In these investigations Hansen often found that tho wort' i’{‘- 
mamed bright and apparently unchanged, even although a growth 
had taken place Hence the examination with the naked oyo 
alone cannot be rehed on He names the following forms wJucli, 
when present m a feeble state of growth, cannot bo detootod inaoro- 
scopicaJly — Aspergillus, Mucor, Pemcilhum, dadosjHn'ium, liur- 
tenum aceti and Pasteiiiianv/m, and Mycodenna cerevisicp, Kviui 
when these micro-organisms have formed vigorous gi-owths, tho 
wort used has remained bright 

It was further shown that pure cultures may often ho ohtaiiu'd 
by the use of these flasks, when only one species gained accoss to 
the flask along with the air It very seldom happened that throo 
or four species were found in the same vessel. This ariso.4 from l-lu' 
f^t that only a very small volume of air ontors each flaslc, 'Plu' 
advantages of tbs are evident A true knowledge of thoHO gi'rjuH 
can oby be obtained when they have developed , in ctiHos w'horo 
several germs penetrate mto the same flask, the strongost gt'rm 
wobd by its growth, m all probability, prevent tho dovoloimioni. 
of the others, so that these would not be detected m a subsequent 
exan^tion. At the same time tbs method necessitates tho oponhur 

the operation oumbersonu' 
^d costly. As the flasks only show what was prosont in tho air 
at the moment of ope^, Erlenmeyer flasks were also used to 

they w'ore 

diflarout apeo.® ST, 

found that tbs holds good for adjacent parts of ono3den HI Le, 

W ® instance, wboh in tho 

Lm tCiocSitv 

could be found iSider the cheSy^tre^s^TiTnJlJnd^* 
we to be found later only n Jer tbelato“° 
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inequality of distribution of the organisms, he showed that flasks 
opened in the same place m the same series of experiments often 
had the most diverse contents. 

The experiments with vacuum flasks have further taught us 
that the micro-organisms of the air often occur m groups or clouds 
with intermediate spaces, which are either germ-free or only contam 
a few isolated germs As the organisms are not generated m the 
air, but on the earth and on fruit, it follows that then presence 
in the air must be dependent on the condition of the surface of the 
ground and of the fruit, which agam depends to come extent on 
the weather 

Hansen's numerous analyses have further proved that the 
Saccha7omycete8 comparatively seldom occur m the dust of the 
air Then number m the open an increases from June to August 
to such an extent that flasks at the end of August and the begirmiug 
of September are frequently infected with these organisms, after 
which a decrease takes place The Saccka'i omycefes which are found 
at other times of the year in the atmosphere may be regarded as 
ummportant in numbers and accidental m occurrence As most 
species of the Saccharomycetes have — ^Iflie Saccharomyces G/pimlatus 
— ^then winter quarters m the earth, and then propagation areas 
on sweet succulent fruit, the latter must be considered as the most 
important source of contamination During the same season 
bacteria are also found in the largest numbers This constitutes 
a real danger in techmcal operations, smce wort, when spread m 
a thm layer on the open coolers, is exposed to a source of contami- 
nation from the atmospheric germs 

Bacteria are found in the flasks in somewhat greater number 
than the Saccharomycetes, whilst the moulds occur m still greater 
numbers Amongst the latter Gladospo^ium and De^natium are 
especially prevalent m gardens, and after these Pemcilhvm , whilst 
Botrytis, Mucoi , and 0%d%um occur less frequently 

After Hansen had thus demonstrated which of the micro- 
orgamsms existmg in the open air are capable of developmg m 
flasks with sterilised wort, he proceeded to commumcate the results 
of his examination of different parts of the brewery. 

When grains (draff) are allowed to stand m the open air, they 
evolve, as is well known, acid vapours^ and smce they always 
harbour a rich growth of bacteria when they remam exposed for 
a short time, the question naturally presents itself, what is the 
condition of the air m the neighbourhood of heaps of gram ^ It 
was found that only 30 per cent of the flasks opened m these areas 
became infected, and of these 3 6 per cent with Saccharomycetes 
and 24 per cent with bacteria, whilst parallel experiments m the 
garden gave a contammation of about 44 per cent , of which 8 6 
per cent were bacteria The air near the grams thus contamed 
fewer bacteria than the air in the garden. The most abundant 
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oontamination was that of monlds, as in all other localities. After a 
thorough examination Hansen came to the conclusion that, without 
doubt, scarcely a single organism which entered the flasks proceeded 
from the grains The result tends to show that m this, as in other 
oases, am does not take up any essential organisms from moist 
surfaces. 

This, however, must not be misunderstood to mean that grains 
may be allowed to accumulate, without risk, and that after removal, 
the residue may be exposed to the weather. It is clear that this 
would constitute a great danger. When the lemams become dry 
and are blown about m the am as dust, masses of bacterial germs 
will be earned up at the same tune, and will, without doubt, con- 
stitute, a source of frequent bacterial contanunation For this 
reason, places where grams have remamed for any length of tune 
must be washed with limewater or, preferably, with chloride of 
lime * 

In a corridor leading to a room where barley was turned, tho 
flasks always showed greater contamination than anywhere else ; 
bacteria especially were found in them m great abundance 

On the malt floors the condition of the am was also characteristic ; 
it always contamed a very strong contingent of mould spores In 
the case in question these consisted of Eurotvum aspergilhis, which 
was otherwise rare On the malt itself, as usual, Penietlhum 
glaucum occurred most frequently 

The greater mterest, however, attaches to the examination of 
the different fermenting-rooms, partly m the “ Old ” Carlsborg 
brewery and partly m the brewery “ H ” In the former the air 
contained fewer organis m s than m any of the rooms oxaminod 
duri^ the whole research , in the fermentmg-cellars of the brewery 
N,” on the contrary, a large number of flasks (66, 76 to 100 por 
cent ) were infected. The organisms which occurred in the am of 
me^ cellars were — Sacokaromyces ceremam, Mycod&'ma c&revis%a>, 
S. Fa^ionanus, S eUtpsoidem, Torxda, and other yeast-hke colls ; 
^ther Pemctlhum, Demaiium, Glados^ium, and rod bacteria. 
Ha^en was thus enabled, by a favourable chance, to contrast the 
state of the am m the moat important part of these two breweries ; 
on the one hand an almost germ-free am, on the other hand an 
atmosphere teeming with germs That the product of tho latter 
place must have been affected by the atmospheric conditions then 
existi^ admits of no doubt, and this brings us face to face with 
one of the most important of all facts to the practical brewer-- 
t.e., that the am m the fermenting room itself may contain a multi- 
tude of those germs which are productive of the most calamitous 

SnJh Med dming the treatment of the gram m drvme 

of ^p^tus, therefore, conatitate a very great danger m theteewerv ainr* 

ope^ooleis 
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results It is, however, possible to keep the air free froin these 
invisible organisms, and there is no doubt that the results recorded 
are directly due, &st, to the purification of the air entering the 
fermenting-room by passing it over brine, and, secondly, to the 
rigidly mamtamed order and cleanliness in the. cellars of the Old 
Carlsberg brewery. Hansen's investigations, therefore, point a 
moral which cannot be too frequently emphasised. 

Saito carried out very comprehensive investigations on the 
distribution of moulds at difEerent tunes of the year in many places 
m Tokio, both m the open and mdoors, with the aid of Soja-gelatme 
(Soja, decoction of omons and cane sugar), confirming by this 
means the results of earher investigations already cited 

More recent determinations m the same localities of the dis- 
tribution of aerobic bacteria led to the same results as those arrived 
at by earlier workers 

Of particular mterest are the observations subsequently made 
by Saito on the yeasts occurrmg m the au? at Dairen, Manchuria. 
His tabulated data proved that yeasts react like bacteria to the 
degree of humidity of the aor, as opposed to moulds. A wide m- 
vestigation proved, for all three groups of organisms, that the 
number of germs m the aor is dependent on a combination of 
meteorological conditions — ^temperature, ramfaU, humidity, and 
wind. As for the number of yeast germs m the air, the author, 
contrary to aU expectation, found it to be less in the warmer months 
of the year (March to August) than it was m the colder months 
(September to February) 

In the three series of air analyses referred to, Saito met with a 
number of species which appear to be mdigenous to those coimtries. 
For further particulars, see the systematic part of this book 

The hfe-history of the yeasts is described m the chapter on the 
Biological Relationships of Yeast 

The zymotechmcal analysis of water has been of greater value 
to the brewing mdustries than the analysis of air The germs con- 
tamed m water which give rise to disease m fermentations and 
fermentation products are not usually so enfeebled as those m air, 
and water on many occasions comes mto closer touch with the 
different products durmg manufacture than does air. The exami- 
nation of water m reservoirs, and the effect of filtration on the 
micro-organisms, is of especial practical value. 

A few details may be quoted here from the researches of Holm 
and of the author as. examples of the results obtained by such 
investigations in the fermentation industry 

Holm's researches showed that among the various micro- 
organisms m water the moulds are those which develop most 
quickly m flasks containing wort and beer, and generally also 
those which occur m largest numbers m the flasks Pemc'ilhum 
glaucum and Mucor stolomfei were found among them. 
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Next to the moulds come the hacteria when wort is infected 
with water, whilst if sterilised beer is used, they develop only 
scantily. The following bacterial forms were found — Bacternm 
aceti, Bad. Pastonanumj a third form which made the beer slimy 
and ropy , and lastly, several species which imparted a disgusting 
smell to the wort. 

Yeast-hke cells were of rare occurrence Holm did not observe 
any growth of Saccharoinycetes, although some Torula forms and 
ilycod&Tna occurred 

The number of these germs varied at different times of llio 
year, yet it did not seem to be dependent on the season — the rain- 
fall, the condition of the surface water, and of the air had groat 
influence Of practical importance was the discovery of strong 
contaminations, injurious to wort and beer, in reservoirs situated 
near granaries and malt-lofts insufficiently protected against dust. 
It was also shown that water which had been filtered througli 
charcoal filters contamed much larger numbers of wort bacteria 
than the unfiltered water. 

The water analyses made m the author's laboratory during 
a penod of more than twenty years have given the following chief 
results . — ^The samples of water m only very few cases were found 
to contam Siiccharomycetes (culture yeasts or wild yeasts) Jn one 
senes of analyses S anQrnalua and S inemhancefacicns wore met 
with The bacteria observed by Holm which produced shnic 
formalaon or imparted a putrid smell to the wort, oocurrod very 
frequently If a pure yeast was infected with such species and used 
for pitching hopped wort, these bacteria did not usually develop 
further Although, however, the bacteria did not develop during 
the fermentation, a difference was often observable between tlio 
condition of the beer and that of beer fermented with pure yeast. 
Acetic acid bacteria were not infrequently found in the analysott, 
and were usually able to assert themselves in the flasks, even in 
competition with rival species In a few cases the experiments 
with wort showed a growth, and sometimes even an abundant one, 
of Sarciim forms, which did not occur in the parallel series of experi- 
ments with sterile beer. They rendered the wort turbid, and 
imparted a pecuhar smeU to it Among the moulds the following 
WCTe the most frequent Aspei gillus^ Mucor stolomfei , M nvucedOf 
Otd^m laciis^ and DemaUu7nr\ik.e forms In the water conduits 
f imd ^ coherent layer of cuothi %x was not mXroquently 

li many cases it has been proved that water received a very 
considerable contmgent of its wort and beer organisms in the 
r^ervoirs or condmts, and it may safely be asserted, as the result 
of :^ny ye^ expenence, that brewery water is most seriously 
contaminated m the brewery itself 

Biological analyses of natural and artificial ice have shown 
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that m both, organisms can exist capable of developing in wort 
and beer. /Sojcina-hke bacteria can also be introduced along with 
ice into these hquids, and may develop freely m them In artificial 
ice, the iTinar snowy layer of the ice-block appears to be particularly 
rich m nuoro-orgamsms 

If large quantities of water are to be analysed, it is of the utmost 
importance to take due care that real average samples are obtained 
Hansen gives the following method for the zymotechnical 
analysis of air and water, a method based upon a long series of 
comparative trials. 

The prmciple underlying it is as follows — ^For brewing purposes 
it IS only necessary to know whether the water and the air contam 
germs capable of developmg m wort and beer This cannot, as 
was formerly assumed, be ascertamed by means of the meat decoc- 
tion peptone gelatme employed in hygiemc am and water analysis 
The zymotechnologist has this great advantage over the hygienist, 
that he IS m a position to make dmeot experiments with the same 
IriTid of liqmd as that employed m practice— namely, wort Ah. 
disease germs that have hitherto been shown with certamty to 
occur m beer are also capable of developing in wort. Hansen s 
comparative mvestigations have proved that the use of gelatines 
mtroduces great sources of error Thus, for instance m a series 
, of comparative experiments with corresponding samples of water, 
the following numbers were obtained — ^In Koch’s nuteient gelatme 

100 222 1000, 750, and 1600 growths obtamed from 1 cc ot 

water’ m’wort— 0, 0, 6 6, 3, and 9 growths , whereas, in beer, 
none of these water samples gave any growth. In another series 
Koch’s gelatme gave for 1 c c of water 222 growths, wort gelatme 
30 but none of the flasks contammg wort or beer, after mf^ion 
with the water, showed any development 

only very few of the great number of germs living m the water 

‘^®^HaSen\r?urthOT^shown that 

water and am, it is a mistake to employ gelatine 

and then to transfer the colomes that have been formed iifio wort 

Thus he demonstrated by experiment that several of the ba(^ri 

serins occurring m atmospheric dust and m water are capable of 

Kp^^utrient gelatine, but not m wort , 

sneoies become mvigorated to such a degree, ^ter 
Wed a new So^h m the gelatme, that they axe then enabled 

m the development of the germs on gelatme plates than m 
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liquid , at a less favourable temperature they will develop with 
greater difficulty m gelatme, owing to its deficiency in nutriment 
Eeference may also be made m this connection to the difficultios 
that are encountered m determining the number of germs which 
can develop on gelatme plates Species of frequent occurronco in 
water, that tend to hquefy gelatme, generally develop very rapidly, 
and may encroach so extensively on the space that other spocios 
do not succeed in forming colomes at all , others require so long 
an mcubation before visible colomes are formed that the oxanu- 
nation of the plates is often concluded before these growths appear.* 
Based upon these observations, Hansen devised the following 
method . — Small quantities of the water, either m its origmal 
state or diluted, are added to a series of I^eudenreich flasks con- 


taining either sterilised wort or beer f After mcftbation at 25° (1. 
for fourteen days the contents of the culture flasks are submitted 
to exanunation If only a part of them show any growth, tho rest 
remaining sterile, it may be assumed with some certainty that 
each of the flasks belonging to the former set has received only 
a single germ Information is thus gamed concermng tho number 
of germs capable of development existing m an asoertamed voliuuo, 
and the different germs are also under more favourable conilitions 
for their free development An exact examination will then show 
to what species these germs belong 

Although wort-cultures give a very small number of growths 
by this method m comparison with plate-cultures, yet in many 
cases the number of wort-growths will stiU be too high, for theso 
growths are able to develop m the flasks undisturbed and without 
hindrance from other orgamsms, but when wort is mixed with good 
culture-yeast m the fermenting vessel, many of these germs will 
be checked. Further, the flasks which show a formation of mould 
^ have no importance for the brewery itself, but only for the malt- 
house. In order that the conclusions based on the results should 
approximate more closely to practical requirements, Hanson 
proposes the followmg method of procedure —The flasks con- 
taining a deydopment of yeasts and bacteria are divided into two 
^u^{l) those m which the growths appear rapidly, and (2) the 
remainder m which they make their appearance later , for iiJtaimo 

species which dovolop 
nnportance is atSod 

m fOTmng an opmion as to the nature of the water or air 

^ Wichmann, who endeavoured to 

^ye a numencal expression for the “ bfl.rm-fnlT'o f j p >• -jf •arater 
« to aay, to to a dotato dogroe 

emw a^panjw th* use must, Lrefore. ^ 

cotton-noolandltotiaiSen^trTOt^ asprated into stenliaed water, or first into 



BIOXjOGIOAXi EXAMINATION OP ATfi AND WATBB, 


63 


of water with regard to wort and beer He impregnated a series 
of IVeudenreich flasks, containing sterile, clear wort or beer, with 
different volumes of water, and noted the day on which a change 
in the contents of each flask (cloudiness, formation of a skin fer- 
mentation) became visible T^e more rapidly decomposition sets 
m, and the smaller the necessary quantity of water, the more 
noxious should be the character of the water. By* expressing 
numerically the time (setting in of decomposition), and the quant^ 
of water, the figure specff^g the destructive capacity will be a 
product of the two factors Beer, however, possesses a greater 
power of resistance than wort, so that in cultivations in the former 
the coeflicient must be correspondingly reduced * 

Landner added sterile wort to the water, and distributed the 
mixture by means of a pipette drop by drop into a series of Petri 
propagating dishes The growths which developed were counted, 
and from this the number of germs per c c was calculated. 

The results of many years' experimenting in the author's labora- 
tory have led to conclusions which are at variance with those 
stated above The first growths to appear m the wort flasks are 
almost always putrefactive bacteria, water bacteria, and the like ; 
]ust those forms which are of Little mterest in brewing operations, 
because they do not develop m the fimshed product The special 
techmcal character of the analysis is lost if the time taken for the 
appearance of the bacteria is made the ba-sis on which the character 
of the water is judged Moreover, m forming an opmion as to the 
character of water from the zymotechmcal standpomt, it is not 
essential that the quantity of wort-bactena m a given volume should 
be estimated. On the contrary, when growth m the flasks has been 
allowed to contmue for some time, it has been shown that in more 
advanced stages species appear winch are known as disease germs, 
as, for instance, the wild yeast. Thus it is the last stage of the 
development m the flasks which is of real importance In making 
the mvestigation, both the wort and the beer flasks should be 
infected with small quantities of water In some flasks the water 
IS added m an undiluted condition, m others it is more or less 
diluted Samples are taken from tune to time for microscopical, 
and eventually, for microbiological examination, in order that 
the micro-organisms which appear may he more closely investigated 
m regard to their action on wort and beer. For water analyses 
in connection with distilleries and alhed mdustnes, sweet wort is 
usually employed. This has been found to answer the purpose 
weU, and is easier to obtain clear after sterihsing than the mash, 
or the worts from distilleries and yeast manufactories If 
special problems arise, as, for instance, the presence of certain 
species of micro-organisms, the analytical apparatus should be 
modified to suit the characteristics of the particular species Thus, 
for yeast factories, the appearance of moulds , and putrefactive 
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bacteria -will be of special importance Provision for tbo former 
can be made by cultivation of the water on the surface of congealed 
gelatme which has been mixed with a decoction of fruit, and for tho 
latter, by employing ordinary plate-cultures consistmg of neutral 
nutrient gelatme For special demonstration of the Sarcina foniiw 
m beer, a neutral decoction of yeast, with the addition of a Hinall 
quantity of alcohol, will be foutfd suitable. For developmg “ wild 
yeast,” wort may be used with an admixture of hydrofluoric or 
tartaric acid. 

Experiments may also be arranged by mixing the liquid with 
a certam quantity of the suspected water at different stages of tho 
fermentation, the addition of pure yeast to tho wort having boon 
previously made The difSculty of this method when working 
with small quantities consists, as is well known, m apiiroaoliuig 
sufficiently near to practical conditions to make it possible to draw 
direct conclusions. 
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Bactbeja occur m every shape, from the smallest specks or spheres 
to green algae-bke filaments , and they are found in nearly all 
possible locahties, under the most varied conditions According 
to their action, a distmction is made between pathogemc, zymo- 
gemc, and chromogenic bacteria, or those that produce disease, * 
fermentation, and coloration respectively 

Our first knowledge of these living forms was obtained by 
placing small quantities of different substances under the nucro- 
scope, and e xaminin g them with high powers In putrefying meat 
mmute spherical bodies were found, which clearly multiplied by 
division, in sour mdk short rods occurred, and in decomposmg 
vegetable matter large spherical bodies and long fine threads , 
in the mucus of teeth very fine spiral threads were found Thus it 
was convement provisionally to retam these forms, and to describe 
them as independent species Credit is due to Cohn for the first 
systematic classification of bacteria 

Bacteria always consist of single cells. In their simplest form 
they occur as spherical bodies (cocens, Eig. 1’6, a) of varying size, 
often so small that they can only just be seen even with the strongest 
powers, and only give evidence of them existence as organisms 
during propagation by division If the coccus divides in one plane, 
Diph- and Sti epiococcus are produced (6) (c) By division in tivo 
planes, the Pedioeoecus (b) is obtamed, and by division in three 
du’ections the Sarcina form * If the cells assume a cylindiical 
form we have bacteria (e), which may be of very varied length. 
A distmction may be drawn between the spore-forming (fiaciUua) 
and the non-spore-fornnng {bacterium). When the rods are swollen 
in the middle, and thus form spindle shapes, we have the Clostndimn 
foim (/) If the cells are elongated, so as to become more or less 
thread-lilcc, they are called Leptothnx {g), which may also occm' as 
pseudo-filaments when several bacteria aie grouped lei^thwise, 
or as Oladothnx, when they he close to one another and appear 


*In the Sa,cvm forms that occur m beer, tte division “ 
directions, but appears to vary, so that an iiregular piling up of 

place, or else a marked displacement of single cells is found Two ^ j v 

are often found strung together All such conglomerates of cells are 
neStoo^Tnvelopo, the development of vhich is dependent upon the nutritive con- 

ditions. g 
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as uregular branohing threads The iBlaments frequently assume 
■wavy or spiral forms (A) , when they are only slightly curved, we 
have the V^brlo form , when the spirals are more promment, the 
JSpirillum and SpirochcBte forms , when they intertwine like a plait 
of hau, the form called S'piruhna is produced 

The thickness of most bacteria is about toVf (1 
largest do not exceed 3 to 4 /x The thickness may, however, vary 
extraordinarily in one and the same kmd, and the same is equally 
true of the length, because the ceUs elongate before they sub- 
divide The limit may be placed at 10 to 12^, only filaments 
exceed this The conditions of nutriment play an important part 
in determining the size of any one species 

In all probabihty bacteria exist of such small dimensions that 
they cannot be distinguished with existing microscopes Thus, 



germination of the spore (Bacdlus avibttlia) 

Boux has shown that in pleuro-pneumoma of cattle, an organism 
occurs which develops oolomes on the substratum, while it is im- 
possible, even with the strongest power, to see the mdividual 
bacteria 

Lohius investigated a large number of species (e g , Bac 8uht%l%8^ 
Streptococcus lactis^ Bac, Bulgaricum^ SarciTia flava^ Azotobacter)^ 
with results which, when compared with the observations of others, 
must be acknowledged to have a very wide bearing He estabhshed 
a developmental cycle of bacteria, which show a still more marked 
polymorphism than was formerly supposed* In aU species exammed 
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by him, the single cells were found, at a certain stage, to break 
up and merge into one another, thus forming what he calls a 
synvplasma^ a form which had been previously described and 
figured— 6 gr, by Ray Lancaster (1876, in Quarterly Jomn Micr 
Science f 16) The plasma is either amorphous or spherical and 
surrounded by a membrane (see later reference to mycobacteria 
and bacterial cysts), and m it are formed certam very small cor^- 
puscles, regenerative umts^ which on growmg or amalgamating are 
seen to form vegetative cells of a new shape , or else they develop 
to more or less irregular regenerative bodies^ in which normal cells 
are formed At this stage quite irregular ramifications sometimes 
develop, capable of multiplying through many generations, leading 
to marked polymorphous growths The regenerative bodies can 
multiply by division or budding, or they may merge mto one another 
and form a symplasma Further, m ordmary bacterial cultures, cells 
of similar shape may enter mto conjunction^ two or a larger number 
uniting laterally or terminally, either directly or by bndge-like 
links. It has fiuther been observed that bacteria not only multiply 
by division, but that more or less numerous gomdia^ chiefly motile, 
appear m the cells (described by certam authors as "'granular 
decay of the cell). They may multiply m the cell, grow mto 
new vegetative cells, or form buds or branches on the perforated 
wall of the mother-cell , they may develop as spores, or finally 
emerge as tmy mdependent cells These m turn may grow into 
larger spherical regenerative bodies before forming new cells, by 
division or expansion, or else the generative corpuscles may merge 
into large symplastic bodies 

The gomdia-forming cells may also grow larger and form 
globular or spmdle-shaped gonidangia^ from which numerous 
gomdia emerge, or inside of which new vegetative cells may grow 
Finally, both vegetative cells and gomdangia are sometimes found 
to encyst like the symplasts The regular stage of transition is m 
every case the symplastic state , in all the phases of development, 
even that of spore-formation, the bacteria so umte or pass mto 
the state described that the contents of the cella are mixed. 

Thus, according to Lohnis^ researches, each species shows forms 
and combmations, some of which were formerly described as par- 
ticular species, or secretions m the medium having no connection 
with bacteria. Thus, even m ordmary technological research, it 
will be necessary to have more regard to polymorphism than has 
hitherto been the case 

Isolated cells occur m the growth of many bacteria which differ . 
from the rest m that they are irregularly swollen or branched, J 
these have been named involution forms (Fig 16) In some species 
such cells represent a diseased growth — ^possibly a consequence of 
harmful ingredients m the culture medium — and they occur more 
particularly m old cultures , m other species, for mstance the acetic 
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acid bactena, they appear, on the contrary, to belong to a certain 
stage of the vegetative growth 

The bactenal cells contain protoplasm, a homogeneous, feebly 
mraotive substance, which may contam bright httle granules. 
Occasionally one or more clear spaces are found within the cell^ 
which by analogy with the higher plants arc regarded as sap- 
cavitiea or vacuoles. 

Thanks to improved methods, real insight has at last been 
obtained into the vexed problem of the presence of a true cell 
bacteria We can only refer to the more recent work of 
A. Meyor, Vejdowski, Prazmowski, Eayman and Kruis, and Para- 
vicini. Thus, in the young spores of B, amylobacter^ A Meyer 
observed a roundish body, more refractive than the plasma and 
reacting chemically like the nucleus of fungus cells, while chemically 
distinguishable from plasma, fat, glycogen, and volutine, on which 
evmenoo Meyer considers it to he a nucleus. In Bac. mycoides 
and other species, after drying at room temperature, staiiung and 
bleaching, Rayman and Kruis observed distmct cell nuclei, which 
seem to participate in the division of cells, the nucleus being situated 
precisely at the place where the cell-waU has a stricture. Of par- 
tiodar interest are the observations made by Kruis on this bac- 
terium, without staining, in broth culture, with ultra-violet light 
at 3,000 magnification, where the nucleus as well as the successive 
stages of division were distinctly seen On examination of the same 
preparation at the same magmfioation, but m daylight, the contents 
of the cells appeared to be entirely homogeneous Azotobacter 
wa^ closely studied by Prazmowski, both young vegetative cells 
and spores, with vital staining and without stammg. He de- 
scribes the nucleus as a very refractive gram — the chromatic gram 
— lymg in a slightly refractive basic substance, which is enveloped 
in a thin film. The successive divisions of the nucleus could be 
clearly observed by closely watching the development of a single 
cell. More recent observations of B amylobacter^ Sti eptococcus 
aetdi lacticij Bac fhiorescens non-liqmfac , and several other species, 
show that the nucleus plays the same part as it does in higher 
orgar^ms ; it proves, in fact, to participate in the formative 
factions of vegetative and reproductive life By examining cells 
that have not shrivelled, after fixing with a diluted mixture of 
acetic, chromic, and osimo acid, followed by coloration with 
hematoxylin— Para vicini observed the nucleus in B. myco%des and 
megathenum and, while the spore was forming, saw thO plasma 
gather roimd the nucleus to form a thick membrane In the course 
of cell-division he first observed a division of the nucleus, whereupon 
the two daughter-nuclei were seen to takn up positions at the two 
extoemilies of the cell, while the vacuoles merged into each other, 
and a partition-wall was formed in the middle These foots serve 
to prove that bacteria possess a true nucleus. 
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The granules that occur in the plasma are, withhut doubt, of 
Taned character, even m one and the same cell. In many bacteria, 
fat globules have been distinguished with certainty , in sulpb-ur 
bacteria, granules of sulphur occur as brightly refractive globtile^ 
Other granules occur in the plasma, which contain either starch, 
or glycogen, especially before the formation of spores , they are 
used up as the spores develop. These granules are coloured either 
blue or reddish-brown on treatment with iodine. 

Surrounding the protoplasmic body we find a cell-wall or 
membrane. By treatment with a hygroscopic substance, the inner 
surface of the eeU-wall stands out clearly, owing to the contraction 
of the plasma. An oxammation by Loflier’s method of staining 
generally shows that its outer layers have swollen up into a gela- 
tinous mass, which becomes (jmte distmct when large numbers of 
bacteria are massed together. From a chemical standpoint it 
must be provisionally assumed that the oell-waJl is differently 
constituted m different species In some it recalls the cellulose 
of the higher plants, whilst in others it appears rather to resemble 
the albummoids in its properties. 

In decomposing liquids, as well as in slime-fermontatioiiB, 
bacteria are frequently observed m which the outer layers of tbe 
cell-wall have been converted mto a viscous condition, so that 
the mass of cells is embedded in a structureless slime Such sti'uo- 
tures are called ZoogLoea When the shme has a sharply defined 
edge and doubtless a harder consistency, it has been described h.s 
a capsule formation, as, for instance, m the “frog-spawn” (AeMCo- 
nostoc) of the sugar factory. Occasionally the outer layers of the 
cell-wall are trai^ormed into a sheath of firm consistency, which 
eventually encloses a large number of mdependent cells [OrwothTix). 
The enclosed cells multiply inside the sheath until at last they fore© 
their way out,~and the sheath survives for a time as an empty 
husk 

- At this pomt we may note the remarkable phenomena which 
Thaxter, Bauer, Quehl, and others have described. My^o-haeteria, 

■ — i.e., swarms of organisms occurring particularly on excrement — 
which multiply by division, exhibit a slow crawhng motion, and 
during their growth secrete a colourless slime, in which they' live, 
and which enables the swarm to hold together The rods are 
eventually transformed mto spherical spores, which form small 
red clusters, or else a number of small rods become enclosed in a 
common membrane, termed a cyst. The remarkable “ bactei'ia- 
biibbles ” (bactenocysta) described by MuUer-Thurgau occur in 
fruit wmes containing tanmc acid, especially m perry, and more 
particularly m and upon the yeast which settles after fermentation. 
These are zooglcea forms of lactic acid bacteria, which surround 
themselves with a membrane and thus resemble the cells of higher 
plants. Inside this membrane the bacteria are embedded m a 
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clear mobile liqmd, and they eventually collect m the lowcsc part 
of the bubble These may gradually mcrease m size. There is a 
certain resemblance between these and the remarkable forms 
described by Wmogradsky in 1888, the Amo^obacler (sul])hur 
bacteria), wMch also occur m cell families, the cells bemg bound 
together with threads of plasma, and the whole family moving as 
a slimy mass (amoeba) m ever-varying forms. When these roaoh 
the resting stage, a thin gelatinous skm separates out, and is slowly 
teansformed mto a hard akin enclosing the whole family, which 
eventually breaks away from its husk. 

Many hactena contam blue, red, yellow, or green colouring 
matter, which may cause mtense coloration In most bacteria 
of this category the colourmg matter is present in solution in the 
nutntive hquid, whilst the bacteria appear to be colourlosH. In 
other cases, on the contrary, the oolourmg matter is found in ilie 
cells, for instance, m the red sulphur-bacteria, where the rod colour 
plays the same part m the nutrition of the bactena that chlorophyll 
plays m the higher plants One of the commonest pigment bacteria 
is the SaetUus flwiescens hguefactem commonly occumng in 
water, which yields a greenish-yellow, fluorescent colour, soluble 
in water 


\ 


The formation of colourmg matter is in many bacteria deiiondont 
m temperature, supply of oicygen, and nature of nutrient modium. 
xnus, B fyooeaneus can produce the blue colour only in a popiono 
solution, and more particularly on addition of glycerine, whereas 
on a glucose medium no colour is produced In some baotena 
an abun^nt development oi pigment appears to be caused by 
treatment of an agar culture with a dilute solution of carbolic acid. 

mterestmg observation that certain pigment 
bao^ which combme loosely with molecular oxygen-4uch as 
if mrami'ma — react m the same manner 

MmSJ? colouring matter eirtraoted with alcohol ; 

e^imtira with oxygen thus seems to be pecuhar to the colouring 
The oolonnng matters refeared to belong to the so-call^ 

tte groirth mi Vmo^S^tiebed 

every trace of the cul^ medium ^ possible, 
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manganese, and silica) Their composition is, however, obviously 
influenced to a considerable extent by the nutriment. The slime 
formed by many bacteria is either a compound of a carbo-hydrate 
and an albuminoid, or a carbo-hydrate alone, as m the case of 
frog-spawn [Leucoyiostoc) and similar species Bacteria contam 
a number of enzymes of a more or less pronounced albummoid 
character, and this is also the nature of the various poisonous 
substances which occur in several species 

For nutrition, bacteria require carbonaceous and mlrogenous 
compounds, as well as the morganic substances found m the ash. 
The majority of bacteria do not appear to possess the power of 
building up their organic constituents from inorgamc material , 
they are dependent upon those orgamc compounds that have already 
been bxult up m animals and plants The mtrifying bacteria form 
an exception in that they can directly absorb carbon dioxide from 
the air, and the bacteria which occur on the nodules of the legu- 
nunossB in like manner absorb mtrogen from the air and assimilate 
it. 

It has been customary to distinguish between Saprophytes or 
organisms of putrescence and parasites which feed only upon living 
animals and plants. A corresponding classification of the bacteria 
has been attempted in a biological sense Alfred Fischer divides 
them mto prototrophic, metatrophic, and paratrophic (from the 
Greek, tropJia^ nourishment). 

By prototrophic bacteria are meant those, like the nitrifying, 
the iron and sulphur bacteria, which can take up these substances 
m an morgamo form The vast majority of bacteria are meta>- 
trophic ; they utihse orgamc compounds of the most varied kind, 
while they promote putrescence or fermentation Lastly, the 
paratrophic are parasites ; they do not occur m nature in a free 
state, but can only grow upon other forms of^hfe. Nevertheless, 
it IS possible to cidtivate them — e g , m blood serum^ — at the tem- 
perature of the body. 

The metatrophic bacteria, which form the vast majority, and 
are of special mterest to the fermentation physiologist, are net 
equally responsive to the different carbonaceous and mtrogenous 
food-stuffs Peptone and amides are good sources of mtrogen^ 
Many bacteria can also utilise ammomum salts and mtrates under 
given conditions, thus Bad aceU can assimilate ammoma m presence 
of acetic acid Similarly, accordmg to Henneberg, certain species 
of acetic acid bacteria can utilise potassium mtrate and ammomum 
tartrate as sources of mtrogen, if the culture material contains 
sufficient dextrose 

The carbohydrates constitute the most important source of 
carbon Of the different varieties of sugar, grape sugar forms an 
excellent food for bacteria 

Adam found that a defimte concentration of H ions in the 
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Dntrient mediuin gives to each particular species the best chance 
of development, because it facihtates the metabolic process The 
“ specific hydrogen number "" is a constant He observed that 
in the chstndiwmAikQ bacteria but shght, if any, spore-formation 
takes place at the optimum, whereas, above and below the optimum, 
spores were seen to form freely. Adam observed that, under the 
simjfiest conditions, the addition of a defimte proportion of acoticj 
acid and sodium hydroxide is sufficient for the preparation of liquici 
nutntive media with different values of The estimation of tlie 
specific hydrogen number is likely to be of some consequence in 
distinguishing between closely aUied species 

According to the conditions of nourishment, bacteria may 
bring about varying decomposition of the substrata 

The different nutritive fluids and gelatmes that are used in tlu^ 
culture of bacteria are described m Chap i,, sec 6 

Pasteur made the important discovery that there arc certain 
bacteria and other micro-orgamsms which do not ro(jtiii*c fna^ 
oxygen, but are capable of effecting active decomposition of iho 
fermenti^ material, even when oxygen is excluded Ho, tliorofor(^ 
d^inguished two classes of micro-orgamsms, aerobic and anaerobic 
Whilst the aerobic bacteria breathe in a similar manner to all 
other organisms, and thereby convert organic substances (uon- 
mtrogenous) mto carbon dioxide and water, and bring about 
similar decompositions with the mtrogeneous compounds, tbo dti- 
aeroto bacteria comprise on the contrary those whose life activity 
^ sussed without free oxygen To this class belong some of the 
ut^c b^tem, as well as the bacteria that ferment oolluloHO. 
Bren small doses of free oxygen are apt to act as poison upon 

pajrticularly on the vegetative 
whereas the spores are only killed after prolonged action. 

‘o than the 

(>“l) numetOM baoteim haw, l,Mn 
lean proved that thoro in 

in the p^ce^'^i^r f"' “ “ 1>>8J temperature 

hi the flMenoe Jm ^ "“'J' 

«.mi«h»i. can devdop m an 


BACTBBIA. 


73 


Particular interest attaches to researches made by several 
authors (Chudiakow, Kurstemer, Bitter, and others), proving 
that Glo8t^%d%um btUyncum can support small doses of free 
oxygen without detriment to its development Chudiakow, by 
adaptation of this anaerobic species, made it thrive at pressures 
amounting to 50 mm But, on the other hand, this and other 
species, in experiments carried out with great care and accuracy, 
could be developed through numerous generations, without a trace 
of free oxygen By a similar adaptation it was possible to cultivate 
some facultative anaerobic species through a long succession of 
generations without a trace of free oxygen, and without preju- 
dice to their specific functions, under such conditions, however, 
they seem to require defimte sources of carbon, particularly 
•dextrose 

Whilst some bacteria are motionless {e g , lactic acid and certain 
acetic-acid bacteria), many species show a capacity for free move- 
ment , such bacteria are commonly met with m decomposing 
fluids This motion, which is not to be confounded with the 
Brownian molecular movement, usually consists of a forward 
swimming action, together with a rotation round the longer axis- 
The organs of motion, which only become visible on staining, 
consist of fine protoplasnuc hairs — ^flagella or cilia — ^which are 
connected with the plasma of the cells through holes m the cell- 
wall. Certain species have only a single cihum, attached to one 
end of the cell , others have a bunch of cilia at one end, whilst 
ciha are distributed over the entire surface of others — e g,, the hay 
bacillus, in certam stages of development, and some of the common 
putrefying bacteria 

By means of these organs of motion, bacteria are enabled to 
penetrate to that part of the nutritive fluid which offers the most 
favourable conditions for existence Thus, Bngelmann has proved 
that aerobes move to the stratum of hqmd which is richest in oxygen^ 
whilst the anaerobes move in a contrary direction. Similarly, 
Pfeffer has shown that bacteria move to these parts of a fluid 
that contam nutriment of suitable concentration. The rate of 
motion IS conditioned by temperature ; thus, Bac subiihs' moves 
more rapidly at 37° C. than at 20° C., whilst other bacteria cease 
to move at the former temperature 

The propagation of bacteria takes place by division. It has 
been observed in detail in the larger species. The cells expand, 
fine transverse lines appear, which gradually increase m thickness 
and spht into two leaflets , after this the organism separates mto 
smaller rods, which sometimes remain umted, sometimes become 
detached. Long before a trace of these transverse walls can be 
observed, staining wall show that the organism consists of a s^ies 
of segments, each of which corresponds to a subsequent mdividual. 
The newly formed segment cells .are all in the same plane A 
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division m either one, two or three planes has been observed in 
certain cocci 

In the case of many bacteria, formation of spores takes place 
in the following manner (Figs. 16, Z, m , 24, B) The plasma in 
the cell becomes darker, and often distinctly granular , a small 
body subsequently appears — frequently at one end of the cell — 
strongly refractive to light, which quickly mcreases in size, and 
is surrounded by a membrane Meanwhile, by far the greater 
portion of the remaining plasma of the ceU disappears, bemg used 
up m the formation of the spore This is seen enclosed in a clear 
hquid which gradually disappears, and finally the cell-waU shrivels 
up, and only remains as a withered appendage to the npe spore. 
In many cases a swelling takes place in the mother-cell during 
spore-formation (Figs. 16, Z , 24, jB) Before spore-formation 

begins, the cells of many, especially anaerobic species, are coloured 
blue with iodine like starch-granulose Probably at this stage 
the cells store up reserve food material. The membrane of the 
spore is very strongly developed, and is frequently surrounded 
by a gelatinous envelope The contents are strongly refractive, 
and contain but httle moisture. Spores are generally difficult 
to stam On the other hand, colouring matters once taken up 
by spores are retained better than by vegetative cells , and after 
bleaching, therefore, coloured spores become visible m a colourless 
cell. Usually only a single spore is formed in a cell. 

One cause for spore-formation may be that during vegetative 
growth the products of its own activity — acids, alkalies, etc — 
accumulate m the nutritive substratum, and, as a consequence, 
further vegetative growth is checked. The exhaustion of the 
nutritive medium may produce the same effect Spore-formation 
demands a suitable temperature, and a certain amount of moisture. 
Spores are of value m enabling the species to survive when con- 
ditions occur that are unfavourable to vegetative life. They possess 
quite an extraordinary power of resistance to harmful influences. 
The membrane cannot be easily moistened or penetrated by water, 
and the great durability of spores is especially due to the fact that 
the plasma contains little or no moisture. Thus, according to 
species occur amongst the peptonising bacteria of milk, 
the spores of which will withstand boilmg for four hours. Spores of 
hay bacillus will also withstand Jboiling for hours. Spores can usually 
stand dry heat better than boiling m steam or water On the 
other hand, many spores show special resistance to heating in 
milk, and the same is true of neutral or feebly alkalme hquid s, 
but less resistance is shown m presence of acid 

As soon as favourable conditions of nutriment and temperature 
are established, spores germinate. They first swell up by absorp- 
tion of water, and the contents lose their strong refractive power. 
A bacterium then grows out from the spore , the wall of the latter 
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IS sometimes seen to burst or to unfold into two valves (Pigs 16, 
24), The full-grown rod then multiplies m the usual manner Spores 
may mamtam their germinative power through a long period,, 
sometimes for many years 

In addition to the endosporic bacteria just discussed, arthro- 
sponc '' bacteria were formerly described which do not form sporee 
m the mtenor of the cell, but in which it was believed that members 
split ofE from vegetative cells form the starting pomt of fresh 
vegetative generations A imcroscopicaUy discermble difference 
between the '' arthrospores '' and other cells, however, occurs 
only m a few cases, in that the walls of the latter thicken (CMamydo- 
spores) Perhaps by continued investigation endogenous spores 
will be found in all such species 

Temperature plays an important part m the life processes of 
bacteria We distmguish the minimum, optimum, and maximum 
temperature at which a particular vital function can be performed. 
These three cardinal points differ, not only for each species, but also 
for the individual functions of each, such as its rate of growth 
and its fermentative activity 

Many bacteria are very resistant to low temperatures. J. 
Porster, B Fischer, Miquel, and others have shown that bacteria 
exist which multiply at the freezmg pomt Oertam species are not 
killed by exposure to a temperature of — 70° C , — 100° C , or 
even to the extreme temperatures of — 213° C and — 252° C. 
(Prisoh, Pictet and Young, Maofadyen, and Rowland) In contrast 
to these, a number of thermophilous bacteria have been discovered. 
Miquel has described Bac%lhis thermopJiilus^ which multiphes readily 
at 70° C , whilst its development is arrested at 42° C Other species 
will only develop at 60° C In the excrement of animals many 
species of frequent occurrence oontmue to grow at 75° C , whilst 
their growth is inhibited at about 39° C (L. Baitnowitsch) Certain 
laotic-aoid bacteria and organisms occurring m molasses, m the 
fermentation of tobacco, and in the spontaneous heating of hay, 
belong to the thermophilous species The bacteria occurring in 
hay have been exammed m detail by Miehe P. Cohn has also 
proved that the cause of the spontaneous heatmg of moist cotton 
waste is the presence of a micrococcus belonging to this group 

With reg^d to the germicidal action of light, Dovraes and Blunt 
found, as early as 1877-1878, that direct sunshme powerfully re^ 
stricts their growth, and that the most active rays of light are the 
strongly refractive blue and violet rays, well known to posses 
powerful photo-chemical properties. On the other hand, red and 
orange rays are less active, and heat rays which, accompany th.^ 
light rays possess no activity 

H Buchner and S Bang, amongst more recent workers, have 
studied the action of light upon bacteria Bnclmer records that sun- 
light plays a part m the spontaneous purification of rivers by bacteria. 



76 


MTOBO-OBaANISMS ANP PEEMENTATION. 


It IS assumed that the effect of direct sunlight on bacteria is not 
entirely due to the action on the cells, but also to the alteration 
brought about in the substratum, whereby it becomes less suited 
ior nutrition. For instance, the formation of hydrogen peroxide 
in nutritive agar by exposure to sunlight has been demonstrated 
A few quite exceptional bacteria are known which appear to thrive 
in bnght light. This is true of the purple bacteria, which, like green 
plants, assimilate carbon in presence of light 

Bacteria are capable of living at considerable depths Russel 
found bacteria ahve at a depth of 1, 100 metres They are, there- 
fore, capable of withstanding a pressure of over 100 atmospheres, 
and certam putrefactive bacteria have survived a still higher 



pressure 

With regard to the action of antiseptics on bacteria, the rule 
has already been laid down, m the section on sterilisation, that the 
higher the temperature the more easily they are killed. But, with 
regard to the restrictive action of antiseptics, it is usually weakest 
at the optimum temperature, and stronger at both highei and 
lower temperatures Very dilute solutions of an antiseptic may 
encourage the growth of bacteria 

Various species react differently to the same concentration 
of a reagent, and the action depends to a great extent, with any 
given species, upon the state of nourishment of the cells Spores 
are much more resistant than vegetative cells It has proved 
possible to propagate bacteria m the presence of successively 
mcreased quantities of an antiseptic, but the characters so obtained 


prove not to be fixed, but disappear as soon as the culture is pre- 
pared m a substratum free from poison 

Highly interesting results, which should have a wide application, 
were arrived at by Richet in his extensive researches on lactic 
'^id bacteria By suitable treatment they can adapt themselves 
to a large number of poisons Thus, by addition of increasing 
doses of thallium nitrate, cultures could be made to grow on mfik 
containing 1*6 g per htre, but not all at once During the first 
eight days the bacterium grows weakly , but on the mnth day 
it suddenly begins to adapt itself, and on the twelfth day the strange 
phenomenon is observed, that the ferment has acquired the power 
of growing more freely and accordingly producmg a larger amount 
of acid m presence of the poison than it did in normal milk Thus 
the adaptation requires a certain length of time , but it nearly 
always takes place by sudden mictatwns Thus, if an untreated 
bacterial culture is sown in a large number of flasks contaimng 
potassium arsenate, as an ‘addition to the nutritive solution, the 
growths will develop very imperfectly , yet one or two of them 
will usually be found to grow very freely, so sis to produce a degree 
of acidity 2 to 3 times as high as that observed m the other flasks , 
in other words, the vegetation m the toxic solutions shows much 
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greater vanation than the vegetation m the norrnal solutions the 
ferment, under unknown influences, has suddenly acclimatised 
itself in some of the flasks, and has undergone m these a suiden 
mutation 

Bacteria and other micro-orgamsms when subjected to mechanical 
vibration behave very variously Horvath proved that gentle 
vibration has no action on then growth, whereas violent aVinTring 
hinders or entirely mhibits it Meltzer arrived at the conclusion, 
after prolonged experiments with liquid cultures, that gentle 
vibration promotes the multiphcation of micro-organisms with 
a given degree of motion the rate of germmation of the species is 
at the maximum, whilst any stronger vibration restricts it The 
optimum and maximum differ for each species According to 
Appel, cultures of bacteria on sohd substrata behave the same 
whether they are shaken or not 

Attempts have been made ever smce the discovery of bacteria 
to define this large group of organisms, and to classify the various 
species m one system, like other sections of the vegetable kmgdom. 

With the exception of a small number of doubtful forms, amongst 
which Crenothnx may be named, the bacteria form a fairly uniform 
group, exhibitmg the same simple structure and the same method 
of propagation throughout It is an mteresting fact that amongst 
the lowest green plants, the algae, there is a group which exhibits 
the same construction and the same method of propagation as the 
bacteria, so that the lowest green plants connect up with the lowest 
fungi It has already been mentioned that green plants possess 
the power of absorbing and assunilatmg the carbon dioxide of the 
air, owing to a special constituent of the cells, chlorophyll. This 
power 18 not possessed by fungi, and the lowest group of algse has 
been classified, therefore, under the name of ScJiizo-algcB, m contrast 
to the Schtzo-fwigi It is not only a physiological difference that 
distinguishes the two groups — ^that could not be used as the basis 
for a systematic classification — ^but rather that the structure of 
the cell contents is entirely different, smce the Schizo-algce contain 
grains of chlorophyll On the other hand, the Schizo-algce have not 
the power possessed by bacteria of forming endogenous spores, 
but the method of division exhibited by Cienothix (see Fig 31) 
frequently occurs in the algse To illustrate how difficult it is 
to define strict limits in nature, it may be stated that there 
are undoubted bacteria which contam green colourmg mat- 
ter, and yet others that can assimilate atmospheric carbon 
dioxide. 

It 18 generally agreed that barcteria are to be classed amongst 
the fungi, although, in their method of propagation, they stand 
nearer to the algse. There are, however, fungi which show the 
same kind of c^ division as bacteria, and even the remark- 
able formation of endospores also occurs amongst many fungi. 
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especially amongst those that will occupy us next, the SaccTiarO'- 
mycetee. 

We have seen that bacteria have points of contact, both with 
the lowest forms of algae and also with the lowest forms of fungi 
It must also be noted that in so far as certain bacteria move about 
with the help of oiha, a similar relationship exists between them 
and the lowest group of the animal kingdom (the flagellata) This 
torms a third point of resemblance 

Oohn, m 1876, first pubhshed a system of bacteria , this must 
now be regarded as out-of-date, smce Zopf, de Bary, van Tieghem, 
Hueppe, and many others have established new divisions, which 
correspond more closely to the natural boundaries 

Any botamcal classification of the bacteria will necessarily 
ojffer the same advantages and the same drawbacks as the classi- 
fications attempted for the higher plants The deficiencies stand 
cut m bolder rehef m our field, inasmuch as bacteria do not usually 
exhibit conspicuous morphological differences, and also because 
one and the same species may assume various shapes in successive 
stages of development, so that transition forms are frequently 
observed between the genera and even between the larger groups. 
Nevertheless, it has been found possible to survey the numerous 
species more readily by establishing a provisional botamcal classi- 
fication; a large number of bacterial species can naturally be 
grouped in large characteristic families. The best authorities dis- 
agree how to allot the genera to each family. 

The mam Imes of Lehmann and Neumann's scheme may be 
taken as an example of a botamcal classification. 

I OoooAOEjffl (Zopf). Migula. Spherical Bacteria. 

Cells in the free state mostly spherical , division m one, two, 
or three planes Endospores very rare. lUagella rare. Before 
division the length of the cells may be 1 J times the breadth 

(1) Streptococcus (Billroth) — Cells divide only at right angles 
to the direction of growth. When they remam coimected, they 
form chains, often with the cells linked in pairs Instead of chains, 
sometimes occur as pairs of cocci 

(2) Saicina (Qoodsir). — Cells divide regularly m three planes, 
at all events on suitable nutrient media, and remam attached in 
larger or smaller cubic packets. 

(3) Micrococcus (Cohn) — Cells divide irregularly m different 
planes, forming bigger or smaller packets , cells sometimes grouped 
m pairs, threes and fours To this family belong the genera Staphy- 
lococcus, Pediooocous, Mensmopedia 

The defimtion of these three genera is rather artificial , many 
transitional forms have been observed. 
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II. Baotbeiacbab (Zopf). JMigtda. Rod Bacteria 

Length of ceUs at least 1^, but mostly 2 to 6 times the breadth 
straight or curved m one plane only . they sometimes form Iona 
threads or apparent threads Division across the lonaitudinal 
after expansion of the rod 

(1) Bacterium.— Without endogenous spores Rods eenerallv 

less than 0 8 to 1 ^ thick ^ 

(2) Bacaius.— With endogenous spores Rods often more than 
1 fi thick 

The spore-forming rods are closely related to one another. 


III. SPlBiLLACBiEJ Migula Spmal Bacteria 

Vegetative bodies single-celled, arched or spirally twisted; 
more or less expanded, division at right angles to longitudmai 
axis. Cells often form short chains consisting of few bnlrc verv 
often m pairs , mostly m lively motion by action of terminal flagella. 
Pormation of endospores very rare. 

(1) Vibrio. — Cells short, slightly arched, ngid, curved m form of 
a comma, sometimes hanging together m cork-screw masses, gener- 
ally with one, rarely two, ternunal flagella 

(2) Spirillum.T-CeUs long, spirally curved, cork-screw shaped, 
rigid , bushy flagella, mostly polar. 


APPENDIX I. — ^Aotinomtobs. Lachner-Sandoval. 

(Hyphomycetes allied to the Schizomycetes ) 

Orgamsms destitute of chlorophyll, consisting of thm threads 
with true branching, sometimes even abundantly branched mycelium, 
partially with formation of conidia. Young cultures frequently 
show only Schizomyces forms, non-brancbirig rods, m no way 
distingmshable from ordmary Schizomycetes (mucous bacillus, 
diphtheria baoiUus, tubercle bac , Actinomyces) 


APPENDIX II — HiaHER ScHizosiycBTEs 

Are closely alhed to the chlorophyllous algae No true branching 
In many species there are formed, in some few cells, zoospores 
provided with flagella 

(Filaments without distmct sheaths — Leptothrix, Beggiatoa, 
with granules of sulphur. Filaments with sheaths — Chlamydo- 
thrix , Orenothrix , Cladothrix , Thiothrix, with granules of sulphur) 

Rahn tried to group the different species according to their 
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resemblance, without adopting any defimte principle of diviHioii, 
but with particular regard to transitional forms and to physiological 
properties The species are grouped in three groat olaHsoH, wliero 
those of most frequent occurrence are set up as chief spee.ii's, 
namely — 

(1) Sporing Rods {Bactlh), divided into sub-groups, aei’obie and 
anaerobic 

(2) Non-Spormg Rods [Badetia and SUeptococct). 

(3) Micrococcus. 

For details, reference must be made to Rahii’s int(‘i'(*sl uig 
and very explicit memoir Orla Jensen adopts as a olassi 
fication of the non-motile bacteria their behaviour, not only 
towards the sugars, but also towards mtrogenous com^iounds, the 
fact being that the selection made by a bacterial spcciCH among the 
mtrogenous foodstuffs often determmes that made among tlu‘ 
sugars. In regard to the motile species, he uses as a basis of classi 
fication the disposition of the ciha, winch seems to bear a certain 
relation to the physiological properties of the bacteria, iuasniueh 
as those species which can live upon morgamc nutriment nlouc, 
denv^ them vital energy from simple oxidation iirocessos, have 
terminal ciha, while those which require comparatively complex 
orgame foodstuffs have then cilia distributed all over the ooll. 




I of each species is surrounded by considerable 

Realties, owi^ to the extraordinary variability to which all 
^t«ia are subject when the external conditions of life change' 
Thus, cobured races transferred to other media turn white acid 
turn mto such as form no acid, anaerobic into aerobic 
bantena and so on. The consequence is that one and tho flame 
characterised differently and named ivfrosh. 

^ ^ modern observations, and wo now dosorihe^ 

fornm previously considered to be iiidepoudcut 

eCacter8\ave^^p^ed!'’^*Sw *!Sf distinctive 

' KrtaiSlStS “ oertom MbitrSySsm^^ 

goes to prove the existence of ^or? ot S ebtfaff" T 

many of the species described ^ ^ affinities between 

fa ‘T 

fmctwial species with which thn f to deal with those 

Nvv wmn Which the fermentation industry is con- 
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1. Acetic Acid Bacteria. 

The acetic fermentation is a process of oxidation. By the 
activity of the bacteria in presence of oxygen, the alcohol m the 
liquor IS oxidised, as a rule, according to Neuberg and Nord, to 
acetaldehyde and water, and then the aldehyde is further oxidised 
to form acetic acid. It is a process differing greatly from those 
classed as fermentations, and has a certain similarity with the 
process of breathing The entire content of alcohol undergoes 
change without the production of by-products , the bacteria can, 
however, bring about the combustion of acetic acid to form carbon 
dioxide and water It is, therefore, of importance to mterrupt 
the process as soon as acetic acid is formed, if the full yield is to 
be obtained 

Persoon, as early as 1822, was acquainted with the vegetable 
character of the film which forms on the surface of liquids uqder- 
gomg acetic fermentation, and he named the film Mycoderma 

In 1837-38 the view was also expressed by Turpm and Kutzing 
that the acetic acid fermentation is caused by a micro-organism, 
which Kutzing described and delmeated under the name of TJlmna 
aceti Starting from this, Pasteur, first m his treatise of 1864 and 
subsequently in his work, Mudea mr le mmigre, in 1868, furmshed 
experiment^ proof of the correctness of this view He sowed a 
trace of the film on a mixture of wme and wme-vmegar, and thus 
obtained a stronger development of acetic acid than was possible 
by allowing the hqoid to undergo spontaneous fermentation, and 
on this he based a process for manufacturing vmegar. He assumed 
that the acetic fermentation was caused by a single species of 
micro-organism, which he called Mycodeima aceh As early as 
1879, B C Hansen discovered that at least two distinct species- 
are concealed under the name of Mycoderma oceH, which now go 
by the names of Bactenum aceh and Bact Pastern lanum ; and 
now a whole senes of species are distinguished To obtain the best 
results m this branch of industry, it is necessary to start with an 
absolutely pure culture of a methodically selected species 

Whilst Pasteur does not explicitly mamtam in his memoir 
that the oxidation of alcohol to acetic acid brought about by 
bacteria is a purely physiological process, von Kmerun and Adolf 
Mayer expressed this opinion, the correctness of which the latter 
con^med by proving that the vmegar film exercises its greatest 
activity at 36° C , and that it ceases to react at 40° C , and further 
that the film cannot react on more than 14 per cent alcohol (Land- 
wirtsch Versuchsstat, 16, 1873) The purely chemical action of 
platinum black on alcohol presents a contrast, for it is able to 
react at higher temperatures and with high concentrations A. J. 
Brown observed that B. acett, m contradistmction to platinum- 
black, does not attack either methyl alcohol or erythritol 
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Pasteur showed that the acetic acid generated by the ozidation 
of alcohol IS transformed, if the oxidation is contmued, mto carbon 
dioxide and water This has been confirmed by A J Brown 

A. J Brown, Boutroux, Bertrand, and Watermann found that 
acetic acid bacteria are able to form gluconic acid from glucose 
and allied sugars, but not from Isevulose The different species, 
iowever, behave differently m this respect, as also m then power ^ 
of mvertmg cane-sugar (e.p, m presence of yeast-water) Prom 
this sugar they do not form acid (although they do from a mixture 

of glucose and Isevulose), and it, therefore, seems to be a legitimate ^ 
-conclusion that cane-sugar can be assimilated direct (Watermann) 

An important advance was made m our knowledge of acetic 
baeteria when Buchner and Meisenheimer, as well as Herzog, 
proved that this remarkable fermentation is brought about by the 
activity of an enz3mie. The cells may be killed with acetone, and 
then treated m the same way as the alcohol yeasts (see Chap, v ), 
and it can then be shown that, after evaporatmg the hqmd, the 
residue can brmg about the acetic fermentation, although it con- 
tains no living cells By this discovery the real nature of the 
fermentation becomes clear Like the alcohohe fermentation, it 
IS caused by an enzyme, which may react mdependently of the 
Jiving cell that brought it mto existence 

These bacteria grow vigorously in many nutritive fluids — e g , 
on dextrose solution with peptone and salts The presence of 
alcohol IS not an essential condition of their existence, and, indeed, 
more than 4 per cent of alcohol acts restrictively on then growth. 

According to Jahke, the following nutrient solution is well 
adapted for the growth of acetic bacteria — ^Perhtre — 0 4g. K^HPO^, 

1 g. (NH4)2HP04, 0 4 g MgSO* -|- 7H2O, 6 c c glycerme, 1 g 
sucoime acid (to dissolve the precipitate), and 3 per cent alcohol. 

4 The ammoma salts are specially valuable nutrients For micro- 
organisms occurring m the " qmck vinegar process ” a mix ture of 
thin vinegar with diluted beer-wort, beer, or gram-mash is satis- 
factory. 

To produce a spontaneous growth of acetic acid bacteria, beer 
If may be allowed to stand with a mixture of cane-sugar and acetic 

* acid (60 CO -H 2 g -j- about 3 c.c ) m open glasses at 30° to 35° C 

At this temperature Mycoderma, which is otherwise sure to make its 
appearance, is usually suppressed. 

For otdtivatmg and characterising the different species, Bei- 
jermck {G&ni j Balct , 2 Abt., 4, 1898) used 100 c 0 potable water 
-f 3 0 0. alcohol -f- 0*05 g amm phosphate -(- 0 01 g. potass 
chlorate This is a hquid m which many species are not able to 
form films — e.g , B. aceti does form a film , B Pastmnanvm, B. 
ranems, B. xyhimm do not. 

B. aceti was shown by Bertrand and Sazerac to effect the 
■conversion of alcohol mto acetic acid far more quickly if the 
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nutrient liquid contains a traoe of manganese An addition of 
1 10,000 of manganese sulphate to a nutnent solution of yeast 

decoction, albumen and alcohol, containing 6 g. of dry extract 
per htre, brought about most quickly the oxidation of the alcohol. 
If larger or smaller quantities were used, the action was retarded 
or completely arrested A similar effect is brought about by 
uranium acetate in a dilution of 1 500 (Agulhon et Sazerac, Gompt 
rend.^ Ac. d sc , 156, 1912). 

Mezzadroh finds that acetic acid bacteria, if kept in common 
nutrient gelatme and gelose, lose their power of forming acetic 
aoid, and recover it but slowly when grown m a liquid of suitable 
composition The most active species m the manufacture of acetic 
acid were also found to attack nitrogenous compounds with the 
greatest vigour. He suggests that the cultures should be preserved 
m a hquid such as that recommended by Pasteur, consisting of 
yeast- water, 2 per cent alcohol, and 1 per cent, pure acetic acid. 
In such a solution they will keep their enzyme mtaot , but, to keep 
them alive, frequent moculation is necessary. 

Sdhngen found that bacteria occurring in the '' quick vinegar 
process "" and grown with limited access of air (e ^ , m Erlenmeycr 
flasks) are rapidly enabled to produce an mcreased amount of acid, 
if colloids (blood charcoal, peat, blotting paper, sihcic acid) aro 
added to the nutrient medium 

Hansen's researches are among the first which proved that a 
deflmte fermentation is not induced by one species of bacterium 
only, but by several, these researches also furmsh some of the 
earliest experimental evidence of the fact that one and the same 
species can occur m very different guise , the correctness of his 
results was later confirmed by Zopf, de Bary, and A J. Brown 
By means of his stanung experiments with Bactermm (Mycod&rma) 
aceti (1879), he discovered that at least two distinct species are 
hidden under this name, of which the one, like most other bacteria, 
IS stained yellow by lodme, whilst the other assumes a blue color- 
ation with the same reagent. Por the former he retained the old 
name Bact aceti^ whilst the one stamed blue ho named after 
Pasteur — Bact. Pasteunanum. The film formations on wort and 
beer, likewise growths on wort-gelatme, give a fine blue colour 
with tmctur© of lodme, or loine dissolved m a solution of 
potassium iodide, whilst growths which develop on yeast-water 
and on broth with peptone and gelatine are coloured yellow; 
even very old films on beer show a yellow reaction It is the slime 
formation secreted from the oell-w^ that is coloured blue At a 
later period, Hansen discovered a third species. 

These three species axe characterised as follows . — Bactenvm 
aceti (Hansen) (1^ 17) forms a slimy, smooth film on double 
beer " (top-fermentation beer, rich m extract, containing 1 per 
oent. of alcohol), at a temperature of 34° C. and in the course of 
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24 hours. The plitwe is not coloured by iodine. The cells of this 
film consist of rod-baotena, hour-glass-shaped, and arranged in 
^^iQ.iT'fl , oooasionally longer rods and threads occur, with or without 
swellings. At 40°-40«6° 0. long thin threads derelop. In plate- 
cultures with wort-gelatine at 26° 0. these bacteria form colonies 
with sharply defined edges, or, more rarely, stellate oolomes, which 
appear grey by reflected light, bluish by transnutted light , they 
mainly consist of single rod-baotena In 
peptone-gelatine broth the colomes are sur- 
rounded by nculky zones, separated from 
them by clear zones , they may later 
become iridescent On sowing drops on 
wort-gelatine, flat, spreading, rosette-shaped 
colonies are formed at 25° 0. m the course 
of 18 days In “double beer” the maxi- 
mum temperature for growth is 42° C., tho' 
miTiimum 4°-6° 0. 

This species is of common occurrence 
both m high- and low-formentation beers. 

Sacteriimi Pastewianum Hansen (Fig. 18) forms a dry film 
on “ double beer “ at 34° 0., which soon becomes wrinlded and 
pleated. In young, vigorous films on beer or wort, at favourable 
temperatures, the slime surrounding the colls is coloured blue 
by lodme. The cells of the film form long chains, and are, on tho 
average, larger, especially thicker, than in tho previous species 
The thread-hlce form at 40°-4()‘6° 0. is also a littlo thicker than that 



fig 11 -^JBactenum acett 
(after Hanson) 



Ibg 18 — Baotennm Pastauriamm 
(after Hatusen) 



Fip; 11) — Jiaetei i tm Kutzingiatmm 
(alloi Hanbon) 


of Bact aceti In plate-oultm’os, with wort-gelatiao at 26° 0 , the 
oolomes resemble those of the previous species, but are a little 
smaller, and consist chiefly of chains In poplone-golatino broth 
the oolomes are similar to the previous species On sowing drops 
on wort-gelatine wrinkled oolomes develop at 26° C. in the course 
of 18 days, which are slightly raised, and present a sharp outlme 
or one slightly jagged. In " double beer “ the maximum tem- 
perature for growth is 42° 0 , mirnmum 6°-6° 0 


1 
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This species is more frequently met with m high- than m low- 
fermentatiou hrewenes 

Bactenum Kutztngianum Hansen (Eig. 19) forms a dry film, 
on “ double beer ” at 34° C , which creeps up the side of the flask 
The slime is coloured blue under the same conditions as Bact. 
Paatevmarmm. The film consists of small rod-bacteria, which are 
most frequently single or connected in pans, and seldom form ohains 
The thread form at 40°-40-6° C presents almost the same appear- 



ance as that of Bact Paeteurmnum. In plate-cultures with wort- 
gelatme at 26° 0 the colomes are analogous to those of the previous 
species They consist almost exclusively of small, single rod- 
bactena. In peptone-gelatine broth the colomes resemble those of 
the two previous species. On sowing drops on wort-gelatine at 
26° 0., colonies develop m the course of 18 days resembling those 
of Bact. Paeteurmnum,, but with a smooth surface without wrmkles. 
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On " double beer” gelatine these ^eov^' 

two preTions species 0 , mimrauni 6 °-?“ 0 . 

the maxinium temperature for groim ^ ^ 

H^K?hrrough‘’m^tigation 

0- ot a- ^ 

miiltiplicity of bactenal forms 



Bg 31 . — Seuierium PatUunamm — Tianafoimation of the thread-forms into swollen 
ionaa and nlinTin after onltiyatioii m “ donhle hear ” at abont 84° 0. (after Hanson) 


ilach species of the acetic bactena examined by Hansen 
occuis in three essentially difierent forms dependent on tempera- 
tnre — chains, eonsistnig of short rods, long threads, and swollen 
forms. 1£ sown on “ doable beer," which is very'favourahle to their 
growth, the Tations species give a growth consisting of chains at all 
temperatnres from 6°-34° C , which develops well, notably at 34° 0. 
If a bit of this young film is transferred to fresh nutritive liquid at 
40°-40'B° 0., the cells grow mto long threads m a few hours (Fig. 20), 
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In some species, these threads can attain a length of 500 ju * and 
more, whilst the hnks of the chain measure only 2 to S ju. If the 
culture of long threads is then placed at a temperature of 34^ 0., a 
transformation into the chain form again takes place. Whilst 
developing at this temperature, the long threads increase, not only 
in length, but also in thickness, and that often very considerably. 
Thus an endless variety of polymorphous swollen forms are pro- 
duced (Fig 21). It is not till then that the threads divide into* 
small links, giving rise to typical chains Only the thickest parts 
of the swollen threads remam undivided, and are at last dissolved 
Thus the swollen forms play a regular part in the cycle of changes. 
This cycle fumishes a striking example of the effect of temperature 
m determining the form assumed by bacteria 

The species Bactenum aceU and Bactenum P(xsteuT%anum differ, 
according to Lafar, both chemically and physiologically. In 
sterilised beer they give different fermentation reactions At 
higher temperatures, Bcbct Pasteurmnum acquires a higher acidifying 
power than Bad aceU , on the other hand. Bad aceti is able to 
carry on a vigorous fermentation at 4°-4’6° 0 , whilst at this tem- 
perature Bad Pasteunanum forms no appreciable amount of acetic 
acid At 33®-34° C Bad Pasteunanum reaches the maximum of 
acetic acid formation (3 3 per cent by weight) in seven days, 
after which the formation slowly dmurushes, and finally ceases. 
After the maximu m acid formation has been reached, irregularly 
swollen cells make their appearance in the culture, which, under the 
existing nutritive conditions, may probably be considered as diseased 
or degenerate forms (mvolution forms) 

Baderium xyhnum is essentially different from these three 
species It was described by Adrian J Brown m 1886, who ex- 
amined it especially from a chemical pomt of view It forms a 
film, the slime of which becomes cartilagmous and tough like 
leather The growth, consisting of motionless rods resembling 
Bad aceti, gradually fills up the whole hquid This species is 
essentially different from the three first described, in another respect 
— ^the slimy envelope shows the cellulose reaction, which is not the 
case with the slime of Hansen^s three species. According to Em- 
merling the slimy sheath oontams an albuminoid substance resem- 
bhng ohitm * 

It was demonstrated in the author’s laboratory that this species 
occurs m vmegar factories, in many countries, m a vigorous state 
of development Acoordmg to Henneberg, it may react unfavour- 
ably on the aroma of vmegar, and by forming slimo, may arrest 
the qmok vinegar process 

The sorbose bactenum investigated by Bertrand, Which causes 
the conversion of sorbite from the jmeo oi mountain ash bernes 
(Sorbw aiicii%mna), into sorbose, is identical with Bad xyhnum, 

+ 1 ^ 0 001 miUimotro 
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A species of very frequent occurrence m English beers, B, aceti 
mscosum^ which provokes a marked ropiness, was stuped and 
described by Baker, Day, and Hulton. It forms motile or non- 
motile, short rods, generally 1 *2 /z long and 0 5 /e thick and usually 
umted in pairs , m some cases^ smgle elements or chains are found 
Involution forms rare No spore-formation Optimum tempera- 
ture for growth 20°-26° C Grows vigorously m a glucose- 
peptone solution To unhopped wort, it first imparts a uniform 
turbidity ; a nng is then formed, grey and gelatmous and a slight 
grey submerged gelatinous film , gradually a ropy sediment forms, 
and the hquid becomes fairly clear but decidedly ropy. The latter 
property disappears m a few weeks On wort-agar an almost 
transparent, grey, wet streak is produced, raised, with smooth edge, 
neither gelatmous nor ropy, but suggesting both On wort gelatine 
the surface colony is of a somewhat purple colour, with a radiating 
structure Begarding the conditions in which the disease is apt 
to be provoked, the authors state that the bacterium is more 
prone to cause ropmess in beer, if the infection takes place prior 
to fermentation A higher acidity and typical ropiness are brought 
about if air has access to the beer during the development of the 
bacteria With high acidities, the ropmess disappears All beers 
are not equally susceptible to the infection Varying the quantity 
of hops, or the amount of carbohydrates and soluble protem, withm 
reasonable limits, is without effect on the growth of the bacterium 
It has not been possible to ascertain the conditions causing the 
production of ropmess of this kind In a few samples of ropy 
English beer, the authors discovered another species — short rods — 
which produces ropmess from mtnogenoiis compounds, independently 
of the carbohydrates and polyhydric alcohols It is mcapable of 
mfectmg beer directly, but, if wort be infected, it may survive 
fermentation , nevertheless a deleterious effect could only be 
observed if the wort was strongly infected 

A group of slime-forming acetic aoid bacteria — ^the Hanseanum 
group — were observed by Janke m Vienna beer They form on 
beer and yeast water ropy or ghitmous films, m which they chiefly 
occur as short rods, smgle or m pairs, motile, and more rarely m other 
forms On sohd media they form a greyish- white, translucent, moist 
and raised coatmg One of the t37pes is coloured slightly yellow 
by lodme, and acidifies glucose , the other assumes a brownish- 
violet colour and does not acidify glucose, but saccharose These 
bacteria, like those occurring m the quick vmegar process,"^ 
only require ammonia salts for their nitrogenous diet, contenting 
themselves with acetic acid as them source of carbon. They are 
able to resist higher acidities than most of the species existing m the 
hquor A particular group of acetic acid bacteria, which are also 
apt to cause ropmess, are mentioned in the chapter relating to 
slime-formmg bacteria. 
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In a film of beer left to stand at 20°-30° C., Beijerinck found a 
very peculiar species — Acetohacter melanogenum — whiob forms 
brown colomes on wort-gelatine and makes the gelatme insoluble 
m boiling water, or when acted upon by trypsin. Iron salts 
are coloured bluish-black In beer it produces an abundant forma- 
tion of acetic acid 

Zeidler found an acetic acid organism in lager beer, Teimo- 
iactenum aceti or £ Zeidleii^ which occurs as short motile cells 
and mvolution forms When a given quantity of acid has been 
formed m the hquid, movement of the cells ceases If the culture 
IS sown on hopped wort, a cloudy turbidity forms on the surface ; 
the whole hquid gradually becomes turbid, and acquires a yellowish- 
brown colour. Small films form on the surface of the hqmd, which 
soon sink, and thus a loose browmsh deposit is produced The 
species does not appear to be dangerous m the brewery In beer, 
the culture is destroyed at 35°-40° C 

Bactenum oxydans^ a species with motile cells, was described 
by Henneberg He discovered it on low-fermentation beer which 
had been standing m vessels at a temperature, of 26°-27° C It 
forms roundish colomes on gelatme, which later assume irregular 
shapes with ramifications On sterilised beer it forms a dehcate 
film, consistmg of separate prominences creeping up the sides of 
the vessel In its younger stages the film consists of pairs of cells , 
later, of long chains. Beer is rendered turbid by this species. In 
its younger stages, motile cells have been observed. At a tempera- 
ture of 36° C. the growth on beer consists almost exclusively of 
long, umtorm threads This species also shows the irregular, 
swollen forms, as, for instance, on beer at 26° C. The cells are not 
coloured blue by lodme The optimum temperature for growth 
hes between 18° and 21° 0 The upper limit of temperature for 
the formation of motile cells was found to be 37°-40° C (or 44° 
when rapidly heated). The temperature at which the culture is 
destroyed hes between 66° and 60° C. for moist heat, and between 
97° and 100° 0 for dry heat. The oxidation of alcohol mto acetic 
acid has its optimum between 23° and 27° C 

This species oxidises a great variety of carbon compounds 
Henneberg subsequently described the following species or 
varieties — Bact acetigenvmi, which occurs m the qmck vmegar 
vats, forms small, rounded, swarming cells, which are not hnked 
m chains At a later stage swollen cells may appear The species 
forms a thin, matted and very tough film, which finally sinks to 
the bottom in isolated patches, givmg room for a new film for- 
mation By treatment with lodme and sulphuric acid, a blue 
coloration may take place The acetic acid produced by this 
species is very aromatic, owing to the formation of ethyl acetate. 
The species has its optimum at 33° C 

Bad acetosum, which is found m high-fermentation beer, forms 
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long chains, and, at the same time, irregular shapes. The film is 
sohd, dry and after a tune, wrinkled , the hqmd is clear. The 
optimum for this species is about 28^ 0 

Bacf %7idustnum occurs as short swarming cells without chain 
formation or irregular shapes On gelatme it forms gi’eyish-white 
slimy colomes, m hqmds, a thick slimy film and a sohd rmg attached 
to the side of the vessel When shaken, the film flocculates Tlie 
hquor is rendered turbid The optimum on wort-agar is 23® 0. 
The upper limit of temperature for motile forms is about 45° 0. 
The species oxidises a large number of compounds The vinegar 
produced contams much aldehyde 

Bad ascendens, which is found m wme and wine-vinogar, 
hkewise consists prmcipally of single cells or pairs of cells, but 
forms chains On grape-sugar-gelatme and grape-sugar-agar the 
colomes are surrounded by a white raised nng In hqmds the 
species forms a very dehcate uniform fihn, which creeps to an 
extraordinary height up the sides of the vessel The film is easily 
broken up and forms a flocoulent deposit, and the hqmd is rendered 
turbid On w^ort-agar the optimum is 31° C This species is only 
capable of oxidismg a minute amount of material The vinegar 
produced is distinguished by its odour of acetic ether In old 
cultures the vinegar has a very pungent odour 

Amongst sub-species, or varieties, which occur in the quick 
vmegar process, Henneberg has isolated the following — 

Bad Schiitzenbachi, which occurs as round, oval, or longisb 
cells, often also as sickle-shaped or irregularly bent and inflated 
forms , sometimes single and sometimes m chains On wort 
gelatine it forms round, clear, ghstening colomes with a yellowish- 
brown centre On beer-gelatine the old colomes have a whitish 
granular surface. The very thin film that forms on hqmds easily 
811 ^ to the bottom as granules The optimum appears to he' 
between 26° and 27-6° C x- t-r 


curvum has rounded, longish, oval or elongated cells, 
with either rounded or pointed ends The more or less curved cells 
are especially charactenstio , it also forms chains On wort- 
gelatme the colonies are round and transparent, with a raised 
edge and projecting centre, and frequently have a whitish dry 
^pearmce The ^ formmg on hqmds easily sinks to the bottom, 
ine optimum hes between 25° and 30° 0 

Bact orlMn^e. ^The cells vary m shape from spheres to pro- 
nomiMd rod-hlm forms, with all possible transitions The rods 

^ > S’^^ollen ceUs also 

1 « ■'^orf-^atme irregular whitish colomes develop On 

are reddish m colour, with a moist 
glistening surface The film on hqmds adheres firmly ; the hqmd. 
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tliereforej remains clear The optimum is at 30° C , and, later, 
between 20° and 30° 0 The species may be used either for the 
quick vinegar or the wine-vinegar process 

The same author has described the following special wine- 
vinegar bactena (Orleans process) — 

Bact xyUnmdes occurs both m the form of spheres and of short 
or long rods , they may be straight, bent, or irregular and some- 
times swollen , smgle, or in chains On wort-gelatme the colonies 
appear like drops of water and often display a hght brownish 
nucleus On beer-gelatine they have a moi^, ghsterung, pale- 
brownish surface The film formation on hqmds fluctuates greatly 
On sugar-yeast-watcr and on beer it is thick and tough, like Bact. 
xyhnum, on other hqmds it may exhibit every transition from a 
thin, dry, or smooth, to a thick, rough covermg. The thick films 
give the cellulose reaction on treatment with iodine and sulphuric 
acid, but the thm do not The optimum for agar-cultures is at 
28° C , and later at 20°-23° C In wme-vmegaj mash the optimum 
hes nearer 24° than 28° The species is found widely distributed 
throughout wine-vmogar factories It can be distinguished from 
Bact xyhnum by the multifarious kmds of skm growth 

Bact v%m acetati has rounded, oval and but seldom moderately 
elongated cells, smgle or linked m pairs and triads Inflated cells 
also occur The colomes on wort-gelatme are round, clear, with 
a glistening moist surface and a whitish deposit m the middle 
The films are not very coherent and the culture liquid soon turns- 
cloudy On wort "with 3 per cent alcohol, the film has a greasy 
appearance and pale yellow colour The optimum is at 28° to 
33° 

Fmally, an acetic acid bacterium may be mentioned, found 
by J C Holm on the cocoa bean, which he named Bact. accticv/m 
rosaceum It forms short, rounded, motionless rods, 1*6 ^ m lengthy 
smgle or m pairs On wort or beer it forms a very weak, pale- 
coloured film, whilst the colomes on wort-gelatme and agar are 
distmctly pmk 

The production of acetic acid on a large industrial scale is earned 
out by several processes based upon two essentially different prin- 
ciples Fermentation is either allowed to go on m a qmescent 
liqmd, comparatively nch m extract , or a liquid, composed of 
dilute alcohol and acetic acid with a small amount of nutriment, is 
exposed m drops to the action of an abundant supply of air 

The best example of the former type of manufacture of wone- 
vinegar is the Orleans method It is carried out m horizontal open 
vessels partially filled with vmegar, receiving successive additions of 
bnght wme until the vessel is four-fifths full A film of acetic acid 
bactena wull then form, which must not be broken The wme 
is soon converted mto acetic acid , about one-half is then drawn 
off cautiously and fresh wme added, nearly as much as the vessel 
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•can hold This proceeding is constantly repeated, the same vessel 
being used for several years The object of adding acetic acid is 
to prevent the growth of Myooderma and other noxious fungi , for 
the same reason the fermentation is conducted at relatively low 
temperatures. To prevent foreign organisms finding a footing, 
Pasteur (as already stated) suggested sowing a young acetic film, 
while enlarging the surface of the liquid. In this way fermentation 
takes place more quickly At the same time, however, the risk is 
incurred that the formation of bouquet stuffs, characteristic of this 
kind of fermentation, may be diminished , and this applies also to more 
recent modifications of the method devised to accelerate the forma- 
tion of acetic acid. Henneherg holds that the species just described 
are particularly active m this kind of fermentation A variety of 
liquors are used m the several countries of mamifacture. Besides 
wme, we find cider, beer or a liquor prepared from barley, wheat, 
maize, and other fully fermented oorcals, to each of which is added 
6omo vinegar rich in bacteria Alcohol is also added in some cases. 
Lastly, molasses and fermented wort from yeast factories are 
•employed The product has more or less well-marked oharactenstics, 
according to the matenal used 

When manuiaotmers began to understand the importance of 
atmosphenc oxygen for acotic fermentation, various contnvances 
were mtroduced to supply abundant axr durmg fermentation, and 
after much prehminary work an improved method, the qiuok- 
vinegar process,"" was established by Sohutzenbaoh in 1823. The 
principle underlying this method, as dxstmguished from the pre- 
oeding one, is to insure the formation of acetic acid by the aid of 
an intense oxidation, earned out in fermenting vats of special 
nonstruotion. The vats are of a oylmdric or slightly conioal shape, 
2 to 3 metres high, by 1 metre in diameter, fitted with two false 
bottoms with beech wood chips packed between them, to provide 
a large surface Below the undermost false bottom air-holes are 
bored in the wall of the vat. As the temperature rapidly rises 
zn the vessels (28° to 38° 0 ), a current of air is induced which 
aooelerates the fermentation The cover is perforated or provided 
with tubes to act as outlets for residual air and gaseous fermenta- 
tion products. The mash is poured upon the upper surface, whence 
it trickles through the chips, while the vinegar drips continuously 
from the lower false bottom and is drawn off If necessary, it is 
returned to the chips, with a further addition of mash to complete 
the fermentation. New methods have been developed on this basis, 
to utilise the raw matenals to better advantage and obviate losses 
due to the evaporation of acetic acid This has been done by con- 
rmclmg several vats m series, allowmg partially fermented mash from 
the first vessel to flow mto a second vessel (with addition of mash if 
required), and so forth. Of late years, automatic systems have come 
into ^ vogue The mash, contaimng a high percentage of acid, is 
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distnbuted from a common vessel through conduits in a slow 
stream into each vessel ; this is done at definite intervals, by means 
of special compression and suction contrivances, adjustable to 
actual requirements * The mash used in such a plant is made from 
water, alcohol, acetic acid, with a’ httle nutnent The organic 
hquids employed are such as beer, mashed cereals, yeast decoction , 
inorgamc substances (regard bemg paid to the chemical com- 
position of the water) mclude the primary phosphates of ammomum, 
potassium, and sodium, mixed approximately in the proportion 
of 7 2*1, with or without traces of ammomum, magnesium, and 

potassium sulphates. Larger or smaller doses of alcohol and acetic 
acid are added according to requirements High-peroentage 
mashes are considered to be the most rational, because the losses 
by evaporation are dimimshed by their use, and there is less risk 
of excessive oxidation or infection by mycoderma, etc. 

It has been stated that Henneberg found peculiar species are 
active m these fermentations , they probably acquired their special 
characteristics by gradual adaptation to the medium Materials 
for analysis are procured by transferring drops or shavmgs from 
the chips mto beer or acidulated wort, or mash 

The use of pure seed cultures of selected and adapted ferments 
IS widespread in both methods of vinegar manufacture The pure 
culture, before bemg apphed, is grown under conditions corre- 
sponding with those of the factory When the Orleans method 
IS employed, the bacteria are gradually acclimatised to the 
selected wme A pure development of the chosen ferment can be- 
hest insured by pasteurismg the wme m the plant In the '' quick- 
vmegar process the culture is first acclimatised to large quantities! 
of acid and alcohol, and mmiunal doses of orgamc foodstuffs Thev 
culture IS seeded m a vessel sterihsed by steaming, and the vinegar 
run off IS employed m the other vessels or added to the large 
mash-tun m the automatic system. 

Acetic acid bacteria play an important part in the fermentation 
of beer, spirits, and wme. They do much Wm, especially in vraie, 
and if they once attam a strong development, the wme is irretrievably 
spoilt 

In low- fermentation bretveries they usually do less mischief, as 
their growth requires a high temperature and an abundant supply 
of air Thus they are readily suppressed m a well-arranged lager 
beer cellar Hansen's experiments have shown that Bact aceh and 
Bact Pasteunanum are able to exist durmg the whole time of 
storage, whether the infection takes place at the beg innin g or end 
of the prmcipal fermentation In his experiments the contamina- 
tion, how’^ever, did not manifest itself durmg the whole course of 
the fermentation either by the taste or by the smell of the beer. 

♦Bor details see Rothenbaoh, Die Deutsche JSsatgindustue, Berlin, B. Hassaok,. 
Gurungsessig, Vienna, 1904 , W HofEmann, Qarungaesaig, Halle, 1916. 
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When the beer -was bottled, and exposed to a higher temperature, 
the bacteria developed further , yet, when the bottles were well 
corked, the beer did not turn sour Just the same result was 
arrived at when the finished beer was infected* If, on the 
contrary, the bottles were badly corked, the growth turned the beer 
sour. 

In htgh-fetmeniahon Irewenes^ on the other hand, where fer- 
mentation IS carried on at higher temperatures, these bacteria are 
capable of doing much mischief, oven before the beer leaves the 
brewery. 

It IS of practical mterest to note that the species described by 
Hansen exert no influence on the colour or brightness of the beer, 
whilst most other bacteria cause turbidity 

In dishllenes^ and more especially in air-yeast facto) acetic 
bacteria may occur in large quantities, as shown by numerous 
experiments made by the author They are most frequently 
accompamed by mycoderma species A careful control of the 
manufacturing process m this respect should never be omitted 

While investigating the influence of acids, especially acetic 
acid, on w^ne yeasts, Lafar found that each of the different acids 
(mahc, tartaric, lactic, acetic, etc ) exerts a specific influence on 
the yeast, and not only on the proportionate amounts of alcohol 
and carbon dioxide produced, but also of glycerme , the acetic 
acid samples contained the smallest amount of glycerine and showed 
the weakest growth of yeast Contrary to the previously accepted 
view that even small amounts of acetic acid prevent alcohoho 
fermentation, Lafar found that the presence of 0 27 per cent had 
practically no influence on the rate of fermentation, the multiplymg 
of cells, or the yield of alcohol and glycerme. In must, before 
neutralisation, the yeast cells were not impaired by an addition of 

0 74 per cent ; and m neutralised must, after adding as much as 

1 per cent, of acetic acid, 4 77 per cent by volume of alcohol was 
formed — i e., 60 per cent, of the maximum yield Yeasts differ 
coBBiderably, however, m their sensitiveness to the action of acetic 
acid Thus, a comparison of fifteen different wme yeasts showed 
that all were able to carry on fermentation m the presence of 0 8 per 
cent of acetic acid m a must that had previously been neutralised, 
whereas with 1 per cent, of acid only three were active With 
regard to' the propagation of cells, yeasts react variously with 
the same amount of acetic acid Lafar also examined the nifluence 
of these cells on the ratio between the amount of alcohol pro- 
duced and the number of yeast cells formed. He found, that m 
presence of 0*88 per cent, of acid, the amount of work done by a 
single cell was greater m the case of ten varieties, but smaller m 
two vanetie8> than in the presence! of 0-78 per cent. Those yeasts 
which are active m presence of 1 per cent of acid, gave a smaller 
yield than m presence of 0*88 per cent. 
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According to Perold's researche& on a number of wines m 
which acetic acid bactena were allowed to grow freely, the various 
species concerned appear to differ considerably m the yield of 
acetic acid (from 6 to 9* 6 per cent ) Very actively acidifying 
species were generally met with in full-bodied wmes, whereas the 
weakly acidifjong ones occurred in milder wines. Acetic acid 
bacteria and acetic acid fermentation were even observed in certam 
wines contaimng up to 16 per cent by volume of alcohol 

According to W Seifert, the mtnc acid present m wmes which 
have been diluted with water contaimng nitrates, is completely 
decomposed by the action of certam acetic bactena 

2. Lactic Acid Bacteria. 

If the nucro-orgamsms of milk are allowed to develop spon- 
taneously at a temperature of 30°-35° 0 , the lactic acid orgamsms 
soon begm to ferment the lactose present (about 4 per cent,), and 
the acid produced protects the milk from putrefaction After 
a given quantity of acid has been formed it checks the activity 
of tho bactena, and the milk mould (Ouhum lact%s) begins to 
develop This oxidises a portion of the lactic acid, and thus en- 
ables the bactena to restart their action The same effect is pro- 
duced if the acid is neutrahsed, for mstance with calcium carbonate, 
and thus tho complete fermentation of the milk-sugar may be 
earned out. Simultaneously with the formation of lactic acid, 
casern, which forms the most important part of the albuminoid 
constituent of milk, separates out. Before sounng, casern occurs 
as a calcium salt (100 casern to 1*56 CaO), and is present in a 
coUoidal form. When milk is soured, the Inue 6ombines with 
lactic acid, hberating the casein, which is precipitated m a fine 
flocculent condition, causmg the curdling of milk. In addition 
to this a grejnsh-yellow serum gradually separates out containing 
calcium lactate, lactose, albumen, etc 

Other vaneties of lactic acid may be cultivated by exposing a 
malt or other mash to a given temperature If the mash is main- 
tained at 40® C. a pediococcus grows vigorously, if at 60® 0 , a shoH 
rod If a fraction of the hquor is transferred to another mash 
at the same temperature, the respective species is activated, and 
after a senes of sub-cultures only the two species can be discovered 
m the respective mashes, by ordmary microscopical examination. 
It will be noticed that by the process desenbed there can be no 
guarantee that a pure culture has been obtamed, for in each case 
other bacteria survive, even if in an extremely weak condition, 
and, on the other hand, there is a possibility that more tlian one 
species, or vanety, of lactic acid bactenum may develop at each 
temperature. Similarly m beer-wort and other hquids spontaneous 
lactic acid fermentation may occur This is also the case in the 
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souring of ‘‘Sauerkraut/^ the preparation of leaven, ensilage^ 
etc. : the bacteria which develop m the several fermentatioiiH 
doubtless represent many different species. 

The lactic acid generated by the fermentation of milk, an acid 
first defimtely characterised by Scheele in 1780, corroHjionds ap- 
proximately with the quantity of lactose that has disappeared. 
Only mmute quantities of by-products are formed, as proved by 
the detailed researches of Kayser If the fermentation is continued 
for some time, many species will decompose part of the lactic acid 
originally found Kayser found that a pure cultivated sjx^cics 
from cream grown m lactose-peptone-wort lost 0’2() g. of lactic 
acid per htre m eleven days It volatile fatty acids are formed, 
they tend to mcrease under such conditions at the oxponHO of thc^ 
lactic acid According to 0 Jensen, lactic acid itself may be 
converted mto volatile fatty acids 

Lactic acid formed by the spontaneous fermentation of milk 
is usually optically inactive — ^ e , it does not turn the piano of 
polarised light either to the right or to the left If however, the 
active bacteria axe isolated m pure cultures and inoculated into 
stenle milk, species are developed, which produce a lactic acid 
turning the plane of polarised hght to the right (dextro-rotatory 
bacteria), and others producing a Isevo-rotatory acid, a'ho doxtj'<>- 
rotatoiy species occur more frequently Thus the species of bacteria 

^ produced It appeal's, however, 

that TOth certain species of lactic acid organisms, the optical 
of the fermentation product of a given sugai' depends 

naWnf 4 J^eaction of my one species depends upon tlio 

w ® ferments saccharose, dox- 

W, lactose and manmte. A few species thrive best when t lov 

^ atmospheric oxygen, whilst others caiiy on the 

of producing lactic fermentation TT +^f ^ capable 

ether ’wS then subsequently 

powder, which contained no hvin/^Sk resulting white 

verting minute quantities of lafeAcCSid capable of con- 
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Buchner and MeoBenhe^mer subsequently proved that if a culture 
of one of the species growing in a distillery mash, Bact acidtiicans 
long'bssimits {Bact Delb7iich%^ Leiohmann), is treated with acetone 
whereby it is killed, and the mass is then dried, a powder is obtained 
which can bring about a lactic acid fermentation in a sugar solution. 

It may, therefore, be assumed that all bacteria of this group 
contam enzymes that can bring about fermentation independently 
of the living cell. 

To cultivate lactic acid bacteria, a preparation of peptonised 
milk made by 0 Jensen may be used {see Chapter I ) 

In addition to the proper lactic acid organisms, there are a 
large number of baotoria, and, amongst them, some pathogemc 
forms, which develop this acid. 

A characteristic feature of the true lactic organisms is that they 
do not form spores Most of them are non-motile Some of them 
flourish on artificial media where others will hardly grow The 
colour of the growth is usually white or yellowish Gelatme is 
only liquefied by a few species 

In the course of years a large number of species have been 
described, but many of them should doubtless be considered as 
mere varieties of a few types The fact is that these bacteria are 
excessively hable to variation, and cultures seemingly possessing 
well-defined properties, when treated and grown otherwise fre- 
quently show marked vaiiation Thus several species have been 
found to lose thou* power of forming lactic acid or one of the two 
isomeric acids , their power of fermenting given sugars has 
proved to be dependent on the sources of mtrogen m the nutrient 
hquid The faculty of forming slime may also vary very consider- 
ably m one and the same species , thus species not formmg slime 
at temperatures favourable to then* growth may become markedly 
slime-f orming at low temperatures 

A remarkable polymorphism is met with m these bacteria, even 
within one and the same species An abstract of the classification 
proposed by Lohms follows, giving a clear idea of the numerous 
vaneties, to which we append some physiological characters peculiar 
to promment species or types withm each group 

1 Short and Thick Rods 

The shoit and thick rod form is oon&ideiod to be the typical one ; but there occur 
oooous-liko forms and long thieads, also ohams resemblmg Streptocoocua Optmmm 
temp , 28°-42° 0 Most of those species will grow equally well whether air has access or 
not Optimum of nulk-ooagulalion, 30°-40° 0 GeneraJly produce much gas 

(B •p 7 iAufn>on%c& Fnedlandei ) B» acidi lactici Hue/ppe (= B ac lact» ChrotenfeU) B, 


* Caibol and Bichei, in then very extensive researches on lactic acid bacteria, show^ 
that mdividual vaiiatiou becomes the more pionounoed the less favourable vital 
conditions in which a oultuie is grown, even when antiseptics are present This seems 
to hold good generally ^ 
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ladic aerogenes Eschench Transitions to B ac,lact, B lactic mdi and B 

lactia vtscoaus Adamez, slune-forming 

2 Streptococcus 

Siiape of ceUs ver^ -sanable Often 0 5 broad, 0 6 to I ^ lone;, oval, lic(iiu‘idl)' 
tapenng, lancet-shaped at one end , often paired or formmg ahoit chains ol 4 to h liiilvH , 
also 'well-marhed rods, together with sphenoal and flattened toi ms J^ai ticiilarly in broth, 
a tendency towards longitudmal growth of links and chains Oxygen excitw a moio or 
less depressing mfluence onthegiowth , genezally they grow moiefieely uniloi anaerobic* 
conditions Optmium temperature between 30° and 35° C Lactic acid nearly 
dextro-rotatory Gas formation rare In spontaneously coagulating milk they iMil* 
to get the up;^r hand because, m contrast to the first gioup, they aro veiy active at 
temperatures below 30° C Non shme-forming xaces havo been obhcivod to iuihh into 
slime-fomnng. 

Eireptococcue Giiniheyt L et E , shown by Leichmaim to be tlie most import ant 
agent of lactic acidification , the name was given by Lehmann and Neumann HifHouipm 
B, laetis acidi Leichmann^ J/*crocotc«s acidi lawlactici Leichm,, B lacticuh and NivnUn, 
lacticua Kruae, B aeidi paialacttci Kozat^ Lachcoccns ladib iriyeiii/r/, ami probably 
B, ladis Lister Further, bireptoc aadi lact Giotenlelt, Minoromis acidi paudnctici 
Eemckx and perhaps also Weigmann's lactic acid bacteyia Kiel /., 7/., /// , and 

8torch*B lactic acid baetena, partiaDy, Troih Peterson’s Biachyhaclenu, Stieplot, Uivrmth 
pkilus Jensen f biieptoc mesentei loides ^ Leuconobtoc =: Betaccccus Jenbcn, Blieptoc, 
Ketir 

A large number of iorms, which weie desciibed as siiecies belonging to tins group, 
are doubtless to be considered as mere varieties 

Slime-foiming forms — btrepioc JioUandicus =Weiginann’s fcimont of “long Wei,** 
Bad ladislongi Tr Peteison, Bad ladis acidi Majjymann, acid vaiiotios of B, Qunlher 


3 Slender Rods 

Breadth m<wt frequently eompnsed betvveen i and J Icnqlli Ijolivoen a and !) u. 
iitender rod^haped individuals , also short cocciis-hke foims and long threads Marked 
avemon to ^ o^iygen Opbmum temperature for seveial speoios, 40 '-/iO" ( ' Mniimuin 

MoilywSol:-!? 

o«.f FwJ -B {Theimohaci) Iiehetieim Jemcn (H. 

A), B [Th^) laclis Jensen, Streptoc caseiJ&nsen, B Listen and B Wortmamu 

5 ieicAm, 5 aetdtf long Lafm, Saecharobac PasloriannH ,< Lm, 

LS* ’ ’ couoas,ous, J)„pom. luctolMtc, raj- 


4 jDueroooceus. 


ffostoo mesenimotdes ^ (causes xopiness), Jf amartficans Ooniif Lenco- 

Addtndwn , JSarcina* 


We indebted to Pasteur for tbe first important work oti fLn 
sabject of lactic acid bacteria Lx 1868 be dLnbed the spooiM 

f^fev™*wh floooulent and non- 

bottom, the hqmd remaining almost bneht whftTAnji settle down to the 
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which appears when milh spontaneously ferments In his Etudes 
sur la hiere he depicts certain bacteria growing in ivort or beer in 
which lactic fermentation has begun , he describes them as short 
rods slightly constricted m the middle, and commonly occurring 
smgly, rardy umted m chains In 1877 Lister prepared a pure 
culture of a lactic acid bacterium from sour milic, which he called 
Bactenum lactis 

In 1884, Hueppe found a bacterium m a spontaneous lactic 
acid fermentation which converts lactose and other sugars into 
lactic acid with the simultaneous formation of carbon dioxide 
{Bact acidi lactici) It consists of short, plump, motionless cells, 
the length of which exceeds their breadth by at least one-half, 
they are united chiefly in pairs, and seldom m groups of four In 
gelatme plates they form whitish colomes , those below the surface 
are stellate, uniformly dark, and sharply outlmed ; on the surface 
they appear as flat, white, glistening nodules, resembhng porcelain, 
surrounded'by clear outer zones Atmospheric oxygen is necessary 
for fermentation with this species 

In recent tunes a large number of 
species of lactic acid bacteria have been 
found m milh Marpmann, in 1886, de- 
scribed live species embracing both coccus 
and longer and shorter rods, and showed 
that the whole series is capable of pro- 
ducing a slight formation of ^cohol 

Hueppe and Grotenfelt have smee de- 
scribed new species, of which Grotenfelt's 
Streptococcus acidi lacUci appears to be 
identical with the Bact laohs acidx described 
by Leichmann. 

Adametz and Freudenreich have isolated species from Emmen- 
thaler cheese {Bac casei) which are for the most part facultative 
anaerobes 

Leichmann has thrown new light on the conditions present 
durmg the spontaneous souring of milk He found that a single 
species or type strongly preponderated, and named it Bact. lactis 
acidi {Streptococcus lacUcus — Sir Ountheri, L and N ) He described 
it as consisting of short motionless rods about one and a half times 
as long as they are broad, sometimes present m pairs, sometimes 
m chains (the latter particularly when cultivated m sugax-hroth). 
On gelatine plates, the immersed colomes consist of round discs, 
white or pale yellowish-hrown, at first transparent, afterwards 
opaque. The surface colomes develop with extraordinary diffloulty ; 
they are transparent, and have a somew^hat irregular edge This 
species excites fermentation even m complete absence of air , m 
presence of a full supply of air, fermentation is restricted Both 
Leichmann and Weigmann consider this species to be the regular 



Eig 22 — Lactic acid bacteria 
(after Pasteui) — ^In order 
to give an idea of the size 
of the haotena, some yeast 
cells are figured among 
them 
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lueatis of spontaneouflly cordlnig milk, and oxplam the proooHS of 
souring as follows — Hueppe’s Bact actdi lacUct, and oUior spooioH 
of tke aerogemc group, remain m the upper layers of tho milk, to 
• satisfy their great demand for air and acidify them ; whilst tho 
facultative anaerobe, Bact lactis actd%, develops in tho lower layers, 
and acidifies them This species ferments lactose and dt'xtroso 
together with maltose, rafiinose, and mannitol It forms doxtro 
lactic acid, and produces no evolution of gas m sterilised milk. 

In spontaneously soured milk, Leiohmann discovered another 
species of frequent occurrence, which has groat similarities ivith 
the above, but may be distinguished by its production oC hevo- 
lactic acid, and by the evolution of gas [Micvowccuh andi /n'l'o 
laxtwk) He also isolated a species which thrives best at ■( I "-52 ’ (*., 
develops laevo-laotic acid, and forms thm rods of varu'd longt.h. 
On agar it forms root-hke, branching colomes The groat siunes 
of mteresting varieties cultivated m a pure state by Woiginaim 
deserves special attention Their appoaranoo at lirst resoml)l('s 
that of Leichmann'’s Bati lactts actdi Biologically, howovor, they 
show important differences, and several have found widi'spread 
industrial application An orgamsm generally ocoiirrjiig in milk 
pasteurised at relatively low temperature m tho Bfrpj>lococ<'iti> 
theimyphihia — described by 0 Jenson — which maki's its appi'ar- 
ance m Emmenthal cheese when the temperature in tho press is 
falling slowly from 60° to 36° C It presents tho same forms as (rho 
other streptococci, and grows freely at 40°-46° 0 In milk it foi-ms 
sh(^ chains at 46° C., m agar long chains at tho same toiipioraturo. 
it forms large quantities of acid On green vogotahlo luattor and 
juicy roots, particularly on 'beets, there occur several Hta'c.plomrit^i 
fon^ grouped together by Jensen under the name of Jittlacoci'UJi 
(mcluding ZeiMoMostoc =Strpt mecentenotdes, to bo dosciubod m 
. tne ^uel) They are subject to great variation in form, in thoir 
reaction on the sugws and m their power of formmg slimo. Other 

otSfSS ’ ^ adjtion to these typical lactic acid bacteria, 

The ripening of cheese, which consists m the conversion of oaseiii 
(pax^asein) mto simpler albuminoids, and the broakinriX S 
he latter, is chiefly a biological process As is well known tho 
curd may be separated from the milk by the addition of rennet* 

It la seoreted in qpeS^lamda'ol^e'^^^h paracasein and whey ivJijumoii. 

calves' stomachs are used for the TirfiTYn.rfl.fi mmajg (<> g , tho ruininantH) ; 
enzvmfi fn In the voffotahlo latiirflnm 


enzyme is mdely distributed It^ fo^ i ™ Icmgdom this 

Qaltum verum, m the calyx of the arfeift'hoVft in ^ Fiona mrirUt 

In 1892, Conn’isolated^^t^e in many bacteria: 

from cream, and completely lu^fied^elatme^ wolatctl 

- aad fieely at about 20» 0 He isolate! it from tteffi^Ta ZkXl 
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whereby it remains sweet, or by the application of lactic acid (sour 
milk) The gradual decomposition of the curd is due to a slight 
extent to the action of pepsin contained m rennet, as well as to 
an enzyme {Qalacta/ie, Babcock and Russell) The action is, how- 
ever, mainly due to the nch flora of micro-organisms embedded m 
the cheese 

The basis of bacteriological work on cheese was laid by Cohn, 
Duclaux, and Beneckc, and their researches have been extended 
by Adametz, Rodella, Burn, Freudenreich, Weigmann, 0 Jensen, 
Gorim, Barthel, and Harding The mam Imes of tins development 
must he regarded, according to these workers, as a modification 
of the albummoids of the curd brought about during the first short 
period by 'p&ptouMng hactena — ^bacteria that had been active in the 
milk Amongst these must be especially mentioned Micrococcus 
casei hquejacieus^ which occur m great numbers. It multiplies at 
lower temperatures than the true lactic acid bacteria, and is there- 
fore found m large numbers in the cooled nculk, and is thus 
transferred to the cheese It coagulates milk m 24 hours at 35° 0 , 
ferments lactose, and produces volatile acids, especially acetic 
acid Its growth is, however, soon arrested by the true lactic acid 
bacteria^ and, in particular, by the development of Baot lactis acidt 
{8treq)tococcus lackcus)^ which causes a vigorous formation of acid 
The bacteria belonging to this group were shown by Bartel to 
possess also a considerable power of splitting up casern, in conse- 
quence of which, when grown at relatively low temperature, they 
exert an appreciable influence on the ripemng of cheese The lactic 
acid gradually combmes with the lime and phosphates of the 
casern or it is removed by acid-consuming fungi or alkalising 
bacteria, thus enabling peptonising or casease bacteria, more 
particularly the aroma-forming species, to oommenco operations. 
Their development is, however, regulated by the lactic bacteria, 
which prevent the casein bemg broken down too rapidly 

An essential rdle m the ripemng process devolves upon certain 
rod-shaped species of lactic bacteria [B casei E m Emmenthaler 
cheese), particularly at relatively high temperatures, m breaking 
down albumoses and peptones to ammo-acids, at which stage the 
development m hard cheeses is frequently arrested At the same 
tune volatile acids are formed acetic and propiomc acid. In Em- 
menthaler cheese 0 Jensen discovered special propiomc acid 
bacteria, the action of which is supposed to account for the 

The filtiate was acidified with 0 I per cent of sulphuric acid, and then mixed with an 
excess ot salt A white foara sepaiated out, which contained the compaialivoly pure 
enzyme The dry loam formed a white powder This enzyme also occurs m the ubiquitous 
putrefactive bacterium, BachUiis vulgans (Prot vulff) It further oocuis m JBact pro 
digiosum (the bacterium ot the Bleeding Host), and also in Bact coh communis, wMoU 
IS always found m the mtestmes of men and animals, as well as in many of the ** potato 
bacilli Fmedly, it has been detected in torula species {Lactomycea), in difleient species 
of moulds (e g , Aapeigilliis, Mo7uha), and m certain yeast species 
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formation of “ eyes in this cheese According to Wolf, however, it 
is quite possible that under special conditions, particularly during the 
formation of lactates (calcium lactate), the common lactic acid 
bacteria may produce propionic acid in cheese Clark showed the 
formation of eyes to be particularly favoured by a slow fer- 
mentation of the cheese, while m a quick fermentation the carbon 
dioxide is distributed throughout numerous small cavities 

According to Gorim, in hard cheeses, m the more advanced 
stages of fermentation, a typical growth appears of special cocci 
of various types, described by him as acid-rennet-formmg The 
casern is transformed, with acid reaction, by a particular rennet 
enzyme, and afterwards successively and completely broken down 
by their proteolytic enzymes, at temperatures between 20® and 
37® C , especially at the lower temperature 

Among the specific oasem-digesting bacteria mast be mentioned 
the so-caSed Tyrothnx species (Duclaux, 1878), which appears to 
be closely allied to the hay bacillus. 

In the various sorts of cheese there doubtless occur very 
different species and types of casein-digestmg bacteria, whose 
well-known tendency to variation appears, m their co*ordmated 
action, to determme m a large measure the final result of the 
fermentation 

In mjt cheeses certam species of bacteria are found to predominate 
in succession, while at the same time several mould fungi help to 
impart to these cheeses their peculiar characteristics. The decom- 
position of albuminoids in soft cheeses m usually carried further, 
part of the ammo-aoids being decomposed, with formation of 
ammonia and other pungent products Concurrently with this 
partial putrefactive process a splitting up of fats takes place, con- 
tributing to the piquant flavour characteristic of these cheeses. 
Among the bacteria a specific part is played by the anaerobic spore- 
forming species, mcludmg certam butyric acid bacteria. As an 
example may be given Paraplecfrum foetidum^ discovered by Weig- 
mann in Limburg cheese , m milk it appears as thick rods, which 
at 30®-40® C assume the shape of a club and rapidly form spores, 
twice os long as they are broad The action of mould fungi partly 
consists m directly consuming some of the acid, and partly m helping 
to decompose the casern, forming ammoma and neutralising free 
acid , so paving the way for the active bacteria ^ Finally, they 
are also able to decompose milk fat and set free the volatile 
fatty acids Among the moulds we may mention the Mucoi^ Pern- 
cUhum and DemaUum species found in Norwegian “ Gammelost 
(old cheese), m Camembert and Brie a white Pemctlhum (P can- 
didum Pogefi, P alb%m) , certain Oids^um forms are also behoved by 
some authorities to play a part in the fermentation of these two 
cheeses. The peouhar taste of Roquefort cheese is chiefly due to 
the growth of Penmlhimi BoguejorU Accordmg to Stennart this 
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species IS generally found to develop in Gorgonzola, Stilton, 
Wensleydale, and blue Dorset cheeses 

The abnormal characters of milk and milk products must to 
an equal degree be attributed to micro-orgamsms * Thus, for m- 
stance, the bacteria introduced mto milk from a diseased udder, 
and consequent changes in the character oJ the milk, are accom- 
panied, not only by a very great increase in the bacterial contents, 
but also by the presence of characteristic pus cells in the mdk. 

Soapy imlk, having a decided soapy taste and producing 
a strong lather, owes these properties to the presence of Bact lacUs 
sa'ponace%, a short rod which forms slimy colomes on ordinary 
nutritive gelatme, turmng rusty yellow on the surface. Other 
species maj also produce this fault 

Bitter milk may be the result of using certain food-stuffs, but 
may also be produced by bacteria, as was shown by Pasteur, 
Duclaux, Ldffler, Weigmann, and others In practice, micrococci 
which liquefy gelatine and certain varieties of aerobic lactic acid 
bacteria appear to have tins effect Certam Torula yeasts may 
grow in milk and make it bitter (Calloghan and Harrison) Ropy ” 
milk has a marked slnny character, and can be drawn out mto 
threads This is due either to the enormously swollen membrane 
of certam bacteria, or to the formation of slimy albuminoid bodies. 
The active micro-organisms are either varieties of lactic aoid 
bacteria, or more usually bacteria that digest albumen A 
widely distributed species is Bact lactis viscosns^ described by 
Adametz, which gradually converts the visoid milk into a sub- 
stance resemblmg honev Another widely distributed and active 
species IS Miatococcw Fi evdenre^chii,^ described by GuiUebeau, 
which liquefies gelatine The lactic acid bacterium, Streptococcus 
hollandicvs Hueppe, described by Weigmann, Goethart, Boekhout, 
and others, is of particular mterest it occurs m Dutch lange 
Wei (a ropy cream used in the manufacture of Edam cheese). 
This organism is a facultative anaerobe, and has its optimum at 
21°-22° C Like many other varieties it easily loses its property 
of forming slime A similar variety was found by G Troili-Petersson 
in the Swedish tafcmjolk (thick milk), and described under the 
name of Bact lactis lo'ngi It is believed that this species constructs 
slime from lactose It has its optimum below 20° C Probably 
such bacteria are present on certain plants that are steeped in the 
milk, such as Pinguicula and Droseia 

By the action of nucro-orgamsms milk may assume a blue, red 
or yellow colour The blue coloration of mi l k depends upon the 
growth of certam species of bacteria, the presence of which was 
proved by Fuchs as early as 1841 Hueppe was the first to prepare 

* It 18 generally accepted that milk may act as a earner of many dangerous 
germs , typhoid epidemics m partioulcur appear to spread m this way Tubercle baouli) 
capable of development, Jiavo frequently bwn found m raw milk 
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a pure culture of one of these species, and he described it under the 
name BactUw cyanog&nes {Bad syncyaneum)^ -which occurs as a 
short motile rod In the case of this, the most widely distributed 
species, the colour appears first on the surface of the raw milk, and 
afterwards penetrates to the lower layers The colouring matter 
IS denved from the albuminoids, and may appear m the absence 
of sugar. A number of the water bacteria also have the power 
of imparting a blue colour to milk. The reddish colour which 
milk occasionally assumes is also due in certain cases to bactena 
Only a few examples are quoted m the technical hterature 
Hueppe found a Bad lactis erythiogmes in red milk, which is 
descnbed by Grotenfelt as a short rod coagulating milk, and pro- 
ducmg a red colour on gelatine plates Menge found a Sarcina 
rosea m red milk, which also forms red colomes on gelatine, and 
a few other species with similar properties have been detected In 
yellow milk a Bad synxanthum has been observed and described 
by Schroter 

The taints observed m butter must also be chiefly attnbuted 
to micro-organisms, and the technical hterature strongly impresses 
the fact that a great development of such harmM species is 
frequently caused by want of cleanliness, or by the wrong sonrmg 
of the milk The rancidity of butter, which is due to the presence 
of butjnc acid and ethyl butyrate, is caused by the action of hght 
and aor According to 0 Jensen this phenomenon is due to the 
presence of aerobic fungi, which cause the decomposition of fat, m 
particular Gladospoivum butyr% and Oxdvmri lad%8 It may further 
be due to the presence of two bactena umversally found in water, 
Bad fluorescens hguefaci,en8 and, less frequently, Bad prod%g%oawm. 
The action of hght may also produce the tallowy taste, but Storoh 
has isolated a rod-shaped lactic acid baotenum which can produce 
the same effect The “ yeast taste is supposed by Rosengr&n 
to be due "bo the fact that at too high a temperature of acidification, 
certain rod-bactena of the group B ao%d% lachc% are apt to grow 
freely and hence to suppress the streptococci , the mcrease if acidity 
thus produced will further the multiphcation of the yeast cells 
present and, consequently, give nse to a taste hke that of sour 
bread or beer. A turmp flavour and a rotten-sweet flavour in 
butter, studied by C 0 Jensen, proved to be derived from a special 
species, Bad foetidum lactis Weigmann subsequently observed 
sinulax bac-fcena. A whole senes of other irregulanties in the 
character of butter are also accompanied by the growth of specific 
micro-orgamsms, and it is reasonable to assume that they must 
be the ongmators of these tamts. 

One of the most pronoimced faults with cheese is “ blowing * 
it is due to the presence of great masses of fermentation bactena 
causing an excessive development of gas , the species Bad Schajfen, 
belongmg to the Bad. coh group, is frequently responsible for 
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this defect The same fault may be produced in cheese by species 
onginating from diseased udders Yeasts may produce a strong 
evolution of gas and certam vaneties of aerogmes species may also 
brmg about vigorous fermentation with production of gas A 
suitable degree of souiing with lactic acid bacteria appears to be 
a certam means of preventmg these mishaps 

The blue flocks which appear in certain kinds of cheese may be 
produced in some cases, according to Beijerinck, by Bact. oyano- 
fuscim^ which is derived from water Black flecks may be caused 
by growths of moulds, such as Gladosporium and Bumago Rusty 
specks, according to Connell, Harding, and other American observers, 
are caused by a definite species, Bact ludeiise In the same way 
a reddish colour is xiroduced by red moulds, micrococci, etc 

Lastly, a fault must be mentioned which may occur in all kmds 
of cheese, the bitter taste, which is caused by certain bacteria, as, 
for instance, by Micrococcus casei amari^ described by Ereudenreioh, 
and also by a species occurrmg m bitter milk, and even by certain 
moulds and Toruloc 

Since 1890 methodically selected species of bacteria have been 
apphed m dairies, to bring about a regular and certain souring 
of the cream used in the manufacture of batter, and to avoid any 
tamt in batter The progress made in this field is associated with 
the researches of Storch, Weigmann, Quist (in the author's labora- 
tory), and others The pure culture selected is added to skim milk 
previously heated to about 90° C , and the culture is allowed to 
develop at about 26° C After standing 24 hours, this '' starter " 
IS fit for use In order to render the cream which is to receive the 
culture as free from germs as circumstances permit, it is pasteurised 
at about 85° C , and then quickly cooled In the course of ten 
hours or so, the starter is allowed to develop in cream at about 
16° C It IS then cooled below 10° C , and churning is begun 

Among the forms isolated by Storch of Copenhagen (1890) 
from butter, sour cream, and butter-milk, the coccus form of the 
group S-h'&ptococcus lacticus {Sir cremorts Jensen) seoms to be most 
frequent and best smted to sour the cream It occurs m a large 
number of varieties, which, according to their main characteristics 
may be classed m two groups — one mcludmg those which give a 
specially pure and mildly sour taste and a fine aroma, and another 
embracing those which yield a product possessing great keeping 
powers Morphologically the races are distmguished from each 
other by the fact that some are linked m ohams, others are not 
(Rig 23) , the latter are of the most frequent occurrence, and are 
most widely distributed These forms bear a certam resemblance 
to Pasteur's ferment lactique " The species represented in 
Rig 23, R, was isolated by Storch from a sample of butter having 
a pure and full aroma It forms small globular colonies in gelatine 
of a pure white colour and smooth surface In milk and whey it 
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occurs ill oval or globular forms THeso lactic acid bacteria display 
fermentativo activity even at 20® C At 28® C milk is turned sour 
vathin eight to nine hours 

Many species have been isolated by Weigmann and mtroducod 
into practice A species which has been very successfully applied 
at several places was prepared m the author^'s laboratory It 
occurs both as micrococcus and in other forms, according to tlie 
different nutnent media m which it is cultivated. On gelatine it 
forms small, circular, slowly -growing colomes of a whitish-yellow 
colour. In stab-cultures spherical colonies arise throughout the 
puncture-chaimel, and m Btreak-oulturea this organism forms a 
continuous streak with wavy borders. It was prepared from a 
sample of butter of remarkable arOma and durability 
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Pig 23 — LaoUo acid bacteua (after Storoh) 


Pure cultures of lactic acid bacteria have also been applied m 
cheese factories to regulate the ripening of cheese They are always 
added to raw milk, as it is of importance that other species of 
baotena from the milk which play a part m the process should not 
be suppressed Cultures of other baotena and of moulds have been 
applied in the preparation of cheeses of pronounced character — 
e g , Roquefort, Camembert, etc 

As the mash in distilleries is not allowed to exceed a temperature 
of 70® C , m order that the diastase may be preserved, many of the 
germs adhering to the raw materials are not killed, but are capable 
of developmg during fermentation, and thus they may not only 
utilise the nutritive substances, but also disturb the desired alcohohe 
fermentation , in the latter respect, butyric acid bacteria are 
specially dreaded With a view of preventing too strong a develop- 
ment of germs mjunous to the yeast, various acids have been added 
direct to the mash, or else a lactic acid fermentation is previously 
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earned out m a concentrated and saoohanfied mash (about one- 
tenth of the prmcipal mash), which is kept at a temperature of 
60°-66° C, tiU it shows about 23 ° of acidity,* corresponding to 
about 1 per cent of lactic acid At this temperature the selected 
species of lactic acid bacteria develop, whereas it is too high for the 
majority of bacteria An excellent means for maintaining the mash 
at this temperature is the acid chamber introduced by Kruis mto 
distilleries, a small and well-isolated space in which the air mamtams 
a constant temperature , m which the mash to be soured is placed 
and allowed to stand at rest as soon as it is cooled to room tem- 
pera toe The masb, after acidification, is heated up to 70°-75° C , 
whereby part of the lactic acid bactena are killed After sub- 
sequently coohng to about 20° C , the yeast is added The yeast 
IS not affected by tins amount of lactic acid After it has developed 
sufficiently, the mixture is employed for pitching the principal 
mash If the acidification of the yeast mash is earned out m 
the proper manner, only the useful lactic ferments will develop 
dunng fermentation It is true that the other bactena will 
not all be lolled (more particularly spoiulatmg species are apt 
to survive), but in a regular, active fermentation they are 
usually unable to multiply m the chief mash About one-tenth 
of the acidified mash must be placed on one side before yeast 
is added, and used to start the sourmg of the succeeding acid 
mash 

The acid thus introduced mto the principal mash, together 
with the surviving lactic acid bacteria, thus act as disinfectants,, 
besides exercising an influence on the yeast cells, both directly 
and by reacting on the nutntive substances f 

In air-yeast manufacture the whole of the wort is submitted 
to direct acidification 

T])e lactic acid bactena occurrmg in the mash can be 
distmgiushed in many ways from those occurring m milk Zopf 
was the fii’st to piepare and mvestigate a culture of a species be- 
longing to this class, isolated from a mash obtamed from dry malt 
and water at 50° C , according to Delbruok’s process .(1881) , 
following up an observation of Delbruck’s that at this temperature 

* / (» , 2] c 0 of noimal oaubtic boda solution are requued to neutiahse 20 0 c of 
mash 

•| With regard to the effect ptoduced by lactic acid bactena on alcoholic yea^ls during 
Bimultaneoufl growth on a nutiiont medium, it was estabhshed by Johannessohn and 
Stemberge that those lactic ferments which produce large quantities ot volatile acids 
aie apt to act delete] lously on yeast with respect to its development or fermentative 
powei, 01 else they may cause agglutmation of the cells A kmd of symbiosis was 
found to occur between some of these species and yeast, as they produced considerably 
larger quantities of volatile acids dunng the development of the yeast than otherwise. 
Eurthej, Kaysor and Uelaval pioved symbiotic mter-relations exist between certam 
lactic bactena (fiom infusions, pickled cabbage, and from a bakery), and yeasts in- 
capable of fennentmg maltose and lactose (8 Mafafiaiute and other species), which 
sugaifl, dissolved m the nntnent liquid, were entuely decomposed A diibinct reaction 
for alcohol was observed. 
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a Vigorous lactic souring took place A growth of threads, rods 
and coooi was observed 

Pediococcus acidi lacUci^ examined by Lindner, gives a strong 
acid reaction when cultivated m a neutral malt-extraot solution 
at 41® C, Both in a solution of this kind and in a hay decoction 
which has not been sterilised, this bacterium develops so vigorously 
that, according to Lindner, all ether organisms are suppressed at 
this temperature It has been proved chemically that the acid, 
which IS abundantly produced, consists for the most part of lactic 
acid When a malt ma»sh or malt-rye mash is maintamed at 41® 0 , 
the Pediococcus develops vigorously, and the rod-shaped lactic 
acid bacteria are suppressed According to Henneberg the optimum 
for the formation of acid is 38° C The optimum for growth on 
beer and wort agar lies between 36® and 40® C In a neutral malt- 
extract solution the Ped%ococcn8 is killed after five minutes' ex- 
posure to 62® 0 On gelatme it does not thrive well , it is only 
in stab-cultures m neutral malt-extraoi gelatme that very vigorous 
•N^t^hite colomes axe formed below the surface This species appears, 
on the whole, to thrive better when am is excluded 

In 1893, Kruia and Rayman isolated a vigorous lactic acid 
bacterium from yeast mash consisting of long and short rods, 
which produced 0 9 per cent of lactic acid at 40® 0 m a clear 
malt wort It is of special interest to note that ICruis and Rayman 
m studying this species proved, for the first tune, that lactic acid 
bacteria are capable of formmg volatile fatty acids 

Lafar isolated from the sour yeast mash a species which he 
named Pact ac%dij%can8 longissimumy and smee 1894 it has been 
applied in practice for sourmg yeast mash It ferments saccharose, 
galactose, dextrose, Isevulose, and maltose, but not lactose, and it 
occurs both in short rods and m very long filaments A short time 
afterwards, Leichmann described a bacterium occurring under 
similar conditions, Pact Delbnichi^ which is beheved to be identical 
with Lafax's species It shows great resemblance to Leiohmann's 
Pact lacUs acidi^ and both specias produce laevo-lactic acid It 
cannot, however, like the latter, ferment lactose In a lactose 
broth it produces no acid, and grows with (Mficulty, whereas m 
grape-sugar broth or maltose broth, as well as m sweet wort, it 
grows vigorously According to Henneberg this species has its 
optimum for acid production at 46®-47® C In the mash it forms 
up to 1*79 per cent, of lactic acid. The amount of acid is reduced 
with free access of air* Its optimum for growth hes between 
40®-48® 0. In the mash, it occurs with both short and long cells, 
single or grouped two and three together. On sohd substrata it 
forms small, flat, clear colomes. 

Henneberg isolated a number of other ^species of lactic 
acid organisms from mash and pressed yeast, which he described 
as wild," some of which may produce dneot damage m the m- 
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dustry, if care is not taken to secure a vigorous yeast fermentation 
for they not only carry on the production of acid throughout the 
fermentation, but at the same time form volatile acids, especially 
acetic acid, -which damages the yeast and reduces the output of 
alcohol Other members of this group appear to be 

All the species examined gro-w and produce acid in presence 
of yeast at 27 6°-30° C They are kiHed at the temperature of 
saccharification, so that infection can only be effected at a 
later stage. Amongst dangerous kmds may be named Bact. 
Hayducki., which occurs m mash m small short cells, mostly single, 
and forms round white colomes on gelatine (its optimum for acidi- 
fication IS first at 46°-46° 0 , later at 33°-S6° 0 ), and Bact. Bvckmri 
with similar cells in the mash, and white or yellowish colonies on 
gelatme (optimum for acidification first 39°-40°, and afterwards 
23°-30® 0 ) 

In flocculent pressed yeast Bei]ermok, Henneberg, and others 
discovered some special types of lactic acid bactena, to the action of 
which they attributed this property of the yeast Among these 
bacteria may be mentioned Beijermck's Lactococcus agghdinans, which 
on wort-agar at 23° 0 produces small, compact, moderately dry 
colomes, and will grow luxuriantly m closed bottles contammg wort 
at 30° 0 , fijrther, Lactobacillus conghmeratm, which on wort-agar 
at 40° 0. occurs m abnormal twisted forms together -with cocci 
and filaments Beijerinck found it grew freely at 33° C m wort 
moculated with putrescent pressed yeast m a closed bottle Heime- 
berg describes B L/isten, which consists of short and long rods 
with blunt ends, smglo or umted m chams or clots , maximum 
temperature of acidification m mash is 42°-45° C. , optimum 34° C ; 
and B. Matlhesi, small colls, forinmg short or irregularly curved 
longer chains Optimum for acidification of mash 27°-34° C., after- 
wards 23° C At 42° C no growth This species occurs frequently 
on malt and grows readily at 26°-30° 0. on bruised malt soaked m 
water 

There appears to be no doubt that the lactic organisms occurring 
m the mash have a tendency to variation, and that not a few of 
the numerous species described must be regarded as sub-species 
of a cortam parent form. 

Thus Beijormck takes as the parent form of Leichmann's 
species, Bact Bdbriich, a very vigorous acid producer, Lacto- 
bacilhis fermeid/iim, a young culture of which prepared at 37° C. 
for 36 hours m an acid mash and then transferred to wort jeUy 
(gelatme agar), forms very small transparent colomes consisting 
of non-motilo bacJli of varjong length together with micrococci 
In wort it forms filaments vai-ying m length The smaller the 
amount of oxygon present, the more extended are the cells Its 
optimum for the production of acid is 41°-42° 0 , and at 60° C it 
ceases to produce acid. According to Beijermck, this parent form 



110 


MIOEO-ORGAOTSMS AND 3?miVEENTATI01T. 


may he converted into Bact Ddbrnckz through continued sub- 
cult uring with j&ree access of air at C (well above its opti- 
mum for acid production), and tlien transferring to wort jelly at 
37° C. 

In the distillery, Lafar, Leichmann and the author (in 1896), 
and more recently Kusserow and others, have introduced into 
practice pure cultures of predominant species occurrmg m normal 
sour mash (Bact acidzfzcans longzssimum^ Bact Belbrxiclci)^ with 
the obiect of regulating the souring of the mash By the proper 
application of suoli cultures in distilleries and yeast factories, and 
at the same time securing a uniform temperature of acidification 
throughout the whole mash, it is possible to absolutely jirevent 
the development of foreign and harmful bacteria The mash used 
should have a restricted supply of air , if an abundant (juantity 
of air IS mjected, the formation of acid wdl be checked 

In the brewing industry the lactic acid fermentation takes 
place m maltmg, and in particular in mashing Durmg the germi- 
nation of barley, lactic acid bacteria are of essential importance 
to the progressive development of tlie diastatio and peptic enzymes, 
by which a rational carrying out of the germmation process is 
. conditioned The acid formed m the mash is for the most part 
lactic acid, partially produced by spontaneously occurring bacteria. 
It exerts a favourable influence on the diastase and peptase workmg 
m the mash If the water contains a comparatively large amount 
•of carbonates, the free lactic acid m the mash will be neutralised, 
which wall have an unfavourable intiaence on the palatable quality 
of the beer and its sensitiveness to cold This can be prevented 
by reduomg the amount of carbonates m the water, or by 
mcreasmg the acidity by addition of selected oultores of lactic 
Rcid banteria Wahl and Braun worked specially m the latter 
direction. Sorensen's very extensive mvestigations have served 
to elucidate these processes m general, and to determme the degree 
-of acidity (hydrogen ion concentration) which gives the most 
favourable conditions for the action of enzymes The use of pure 
cultures of bacteria has been found to give excellent results when- 
ever due allowance is made for the character of the water and 
brewing materials 

Some lactic acid is also formed durmg fermentation. Lactic 
•acid is formed m large quantity in Belgian beers prepared by 
'' spontaneous fermentation, " imparting a sharp taste Weissbier " 
owes its refre shin g taste to a vigorous lactic acid fermentation In 
modern low-fermentation breweries attempts are made to get nd, 
not only of lactic acid bacteria, but also of bacteria of all kmds from 
the fermentation 

The SaccharobaczUizs Pohtoriamis described by van Laer, which 
OQOurs m the form of rods of different lengths, produces a character- 
istic disease tourne ") in weakly hopped beer, which manifests 
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iteeJf as follows —The liquid gradually loses its brightness, and 
when it IS agitated filaments of a sillry lustre rise from the bottom, 
nnrl the beer assumes a disagreeable odour and taste Acoordmg 
to i'ellowes, this species is also found m English beer. It does not 
always react on the beer, probably on account of the larger amount 
of hops In cultures, the bacillus develops either m the presence 
or absence of free oxygen In nutrient hquids it ferments carbo- 
hydrates, and amongst them the saccharoses, without previously 
mverting them Amongst its fermentation products, lactic acid, 
acetic acid, and alcohol predommate The acids produced cause 
the prccxiiitation of mtrogenous compounds m the liquid, and these, 
mixed with the bacilli, produce a cloudiness, consistmg of lustrous 
filaments The nutntive mixture best suited to this bacterium is 
an extract of malt mixed with agar and a small quantity of alcohol, 
or still better, neutral or slightly alhaJme sweet wort, 

’ If this bacterium is exposed to a temperature of 55°-60° C m 
beer, it is soon killed Henneberg has closely mvestigated both 
this species and two other lactic acid bacteria occurrmg m beer 
which cause the same disease — SacchctTobctallus Past , var beio- 
hnensis and Bac. Lindnen These aU occur as thin and compara- 
tively long bacilli, either straight or curved, and usually cluster 
together In hangmg drops they form very long threads. Erom a 
physiological point of view they behave quite differently Sacckai o- 
hacilhis Past gives the most vigorous formation of acid m arabmose 
and trehalose, weaker m saccharose, maltose, dextrose, Isevulose, 
and galactose Its optimum for acid formation hes between 24° and 
33 ° 0 The variety berdlinenais gives a weaker yield of acid, and 
none at all m raffinose and trehalose Its optimum for acid forma- 
tion IS at 20°-24° C. According to Henneberg it is this species m 
particular which grows in Berhn ‘ Weissbier," and imparts to it 
its peculiar character Other varieties of lactic acid bacteria occur, 
however, m this kmd of beer. 

Bnct Lmdne) % produces acid m maltose, and to a small degree 
m dextrose The optimum for acid formation is at 17°-18° C. 
This species or variety frequently occurs m ordinary lager beer, 
and influences its flavour and aroma, without, however, producing 
any considerable amount ol acid. It may occur in the form of long 

cells m lager beer , , . j. 4 . 

Schonfeld observed a species in various high-fermentation 
beers which looks like the bacterium of Berlm Weissbier, and gives 
to these beers a shght lactic aoid flavour, and may make the beer 


Very extensive researches on the diseases of wine — by Pasteur, 
Muller-Thurgau, Osterwalder, Wortmann, Kayser, Monoeau, Vot- 
gnette-Lamotte, A. Koch, Mai 56 , Pacottet, Laborde, Seibert, Kulisch, 
Schokow, and several others — ^have shown that bacteria 
lactic acid play a promment part; it was particularly Muller- 
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m, A no+<»TTOa.l(ler -wlio through methodical investigations 

^urgau by pure growths, established tho work 

onto the effects pioduc^ Dy|^^ g foUowing 

the various diseases of wme, based mainly on tho 

“‘C^'b^S’lfrrkoth m to o! to *oh„li» 

fermentation and after the completion of the primary fermentation , 
remark eplhea chiefly to lactic acid baotom In later 
Zirffleviopment to cpecioa wild cai^red a™ U. aicmnc 
fSa taato aJe apt to develop. So to partictflcr group «£ 
bacteria whiob bring about a decrease of acidity moJitly occiu af tci 


‘’°°SenSs^iSS*^gar taint are known to bo produced by 
mvcoderma vim and acetic acid bacteria respectively ^ 

The lactic acid taint, as caused by lactic boctena, occMirs olnolly 
in fruit wmes and mdd grape wmes Besides lactic acid, they 
contain a good deal of acetic acid This disease often ajipcai’H m 
the course of alcohohc fermentation itself, more partioiihvrly if 
the temperature rises The bacteria concerned ai'o tho same iw 
those which produce manuite fermentation, when tho liquid contains 
laevulose, from which they produce maimite as well as lactic ami 
acetic aeids Thus, accordmg to MuUer-Thurgau, the cliaractoristjc 
taste may occur without mannite fermentation, when no Iscvuloso 
is present 

Toi^hness and ropmess (la gtatsse) is a pocuhar chHoasc, M'lnch 
manifests itself by an oily consistency of tho wine; the latter, 
when poured out, aiipears turbid and ropy, and hows Hoiuwlliwly 
into the glass. The phenomenon was thoroughly studied by KayHcr 
and Monceau, who proved the growth of particular anadrohu! 
bacteria to be the cause of the (hsease short, rounded rods of 
ififfering dimensions, single or m short or long chams According to 
Kayser and Monceau, they form manmte and lactic acid. Ahhoci- 
ated with them are Mways to be found various aerobic spooies-- 
baoteria, cocci, sarema — ^which are considered to aggravate tho 
disease. The causes of the disease have not been entirely solved, 
but at all events it is certam that the composition of tho wiuo, and 
more particularly the amount of alcohol and free acid, is of groat 
importance The so-called Bockser, characterised by tho wine 
eontaining hydro-sulphuric acid, seems always to be duo to tho 
action of micro-organisms, especially yeast, when free sulphui* is 
present in the fermenting hquid , yet the latter condition is not 
to be taken as absolute Turned wines (uns tmrnis, fousse) wore 
first closely examined by Pasteur (Erench red wmes), later hy 
Dnclaux and other Erench savaTda, and also hy MuUer-Thurgau. 
This disease first appears as a silk-hke turbidity (ondes eoyeiMes) 
caused hy bactena. afterwards, especially if ait has access, 
the wme changes its colour, secreting a red colouring matter, and 
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at the same time the smell and taste undergo a change The h actena 
concerned appear to be prmcipally facultative anaerobic; they 
tahe the form of threads, rods, and cocci. Muller-Thurgau pomted 
out that this phenomenon is not to be confounded with the “ re- 
peated turbidity ” caused by yeast, bacteria, and secretions. 

The so-called Mmiseln, characterised by a most unpleasant 
smell and taste (like that of acetamide), is traceable to the action 
of particular bacteria, especially (as shown by MuUer-Thurgau, who 
worked with pure cultures) the B manniixypmm described below 
which brmgs about these efleots by decomposing Isevulose dextrose^ 
and saccharose Finally, we return to the bitterness of red wmes^ 
as accurately described by Vergnette-Lamotte (Pasteur's Etudes 
sm le vin) The wme first assumes a stale sweetish taste n.TiH peculiar 
smell, qiuckly supplanted by an mcreasmg bitter taste , the colour 
changmg at the same time Concurrently, the amount of glycerme 
IS found to decrease According to Muller-Thurgau, the disease is 
caused by facultative anaerobic bacteria, which chiefly occur m 
rod form, sometimes in threads T^’^ortmann holds that Botrytis 
IS associated with the disease, as this orgamsm gives rise to chemical 
changes m the tanmc acids of none The bacteria just described 
are, however, doubtless to be considered as the chief cause, though 
a direct moculation of them does not appear to produce the 
disease 

According to Voisenet, there exist in water several species of 
bacteria which appear to brmg about the bitterness of wine. He 
showed that his water bacteria and the bacteria detected in bitter 
wines possess one property in common, that of converting glycerme 
mto acrylic aldehyde, a substance winch he found present m all 
wmes affected with bitterness properly so called One of these 
species Ls called by him Bacillus aviaroctylus , another is character- 
ised as follows — More or less motile , able to develop at a tempera- 
ture of 42° C m broth contaimng Od per cent of carbolic acid, 
coagulates milk , evolves hydrogen and carbomc anhydride in a 
lactose broth Colonies on gelatine excessively small , do not 
hquefy the gelatine 

Fmally may bo mentioned the butyric acid taint, with which 
very abnormal wines are sometimes affected. 

We next come to the decomposition of acid, as effected m wme 
by certam bacteria and, to a less extent, by yeasts This mterestmg 
phenomenon has been thoroughly studied of late years and was 
found to be m some cases a consequence of certam diseases, such 
as the lactic acid tamt, which begins with a decrease m the amount 
of acid, the bacteria afterwards attackmg the sugar and formmg 
lactic acid and acetic acid The decomposition, however, ocems 
more frequently in perfectly soimd — and especially fuU-bodied — 
wines, With a favourable effect on the quality. A. Koch was the first 
to estabhsh that the phenomenon is caused by bacteria (1910) , 
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shortly afterwards it was proved by Kimz and Moslinger that 
normal wines may contain as much as 4 to 6 per cent of lactic 
acid, and that in proportion as this acid increases, the malic acid 
disappears Later, from a perfectly sound wine with decreasing 
acidity, Seibert isolated a miorococcns {M malolacUcw) which was 
found to decompose malic acid and to form lactic acid and a small 
quantity of volatile acids. 

Very extensive and thoroughgoing investigations mto this 
important question were carried out by MuUer-Thurgau and Oster- 
walder, both on fruit and grape wines. One result was to prove 
that several bactenal species are capable of decomposing and 
fermenting the malic acid of wine, with formation of lactic acid 
and carbon dioxide , the latter producing a froth, which, especially 
at bigb temperatures, may give the appearance of alcoholic fer- 
mentation ; the phenomenon has, therefore, often been regarded 
as a kind of “ secondary fermentation.'’ The milder taste acquired 
by the wme may be accounted for by the fact that both by titra- 
tion and on the palate the lactic aoid formed has only half the 
acidity of the malic decomposed They further made the mterestmg 
observation that a decomposition of acid could be brought about 
by the addition of a pure culture of one of these bacteria (5 gractle) 
to sterihsed fermented wmes 

In Swiss wines of comparatively high acidity, MuUer-Thurgau 
and Oaterwalder observed that the decomposition of acid was 
accelerated at oertam temperatures. Thus, at 16° C it set in so 
early and went on so quickly, that these wines only required keeping 
for a few weeks at this temperature It is, however, between 20° and 
26° 0 that the decomposition begins and progresses most quickly 
in other wmes , temperatures below 10° 0 have proved to be 
unfavourable 

The bacteria tending to decompose aoid are checked m their 
growth and action by the acids oocurrmg m the wme. The more 
the grape juice has been freed from acid by the action of calcium 
carbonate, the sooner the decomposition wiU set m , the acid is, 
therefore, first partially neutrahsed, and then the desired decom- 
position brought about by the action of micro-organisms 

B gractle is the most active and most frequently occiurmg 
species concerned with the decomposition It is a very frail and 
tender organism , its habitat is on grapes and other fruits, where 
it IS found freely 

In Swiss red wmes the authors of this work record some peculiar 
morbid changes after completion of the decomposition of mahe 
acid. The wine acquires a flat or dull, sometimes a bitter, taste, 
becoming at the same time discoloured and poor m extract This 
disease is caused by a peculiar species, B ta^tarophffioium, which 
attacks tartaric acid and also glyoerme , the tartaric acid dis- 
appears completely, acetic aoid and propiomo acid are formed. 
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The disease can be provoked by addition of pure cultures. In 
some cases glycerme only is decomposed. 

The bacteria concerned are classified by MuUer-Thurgau and 
Osterwalder on the following lines — 


I. Rod and Filament Bacteria. 


Manmte bacteria, feiment leevulose, with formation of mannite, lactic acid, acetio 
acid, and caibonio acid 

A 0 7 to 1 3 thick Rapid decomposition of xylose 

(а) Decomposition ot l-arabinose, oitiio acid, not lactose 

J? TmnndopcBum, MuUer-T^hurgau On gelatme it foims colonies with irregularly 
lobate edges and fibious structure on the surface , m gelatine, smooth edges jFerments 
leevulose, dextrose, and galactose, with formation of lactic, acetic, and carbonic aoid 
Slow decomposition of maho acid Does not hquefy gelatme Optimum temperature 
between 20° and 34° C Facultative anaeiobio 

(б) Decomposes lactose, but not l-arabmose or citno acid 

(a) Decomposes dextrose, with formation ol acetic acid , does not attack mahc acid. 

B Qayoni, MuUei-Thurgau and Osterwalder ij&immt manmttque Qayon) Isolated 
by Gayon and Duhourg from an Algenan wme Colomes frajl, with fringed edges* 
Does not liq^uefy gelatme Ferments Itevulose, dextrose, and galactose, with formation 
of lactic, acetic, and carbonic acid , ferments also saccharose, maltose, lactose, and 
raffinose Facultative anaerobic 

(^) Decomposes dextrose, with formation of small quantities of acetio acid Vigorous 
decomposition of maho acid mth formation of laotio and carbomo acid 

J5 %nU} medium, Muller- Thurgau and psteiwalder On yeast deposit it gives nse to 
jQoooulent foimations consisting ot long threads , m the deposit are seen zoogloea-hke 
aggregates, suiface colomes snow-white, edges frmged and lobate, non-hquefymg. 
Feiments Isevulose and xylose, with formation of laotio, acetio, and carbomo acid, m the 
case of IjBVulo&e followed by foimation of mannite Decomposes dextrose, galactose, 
flocchaioae, lactose, maltose, raffinose, with foimation of laotio and carbomo acid, a 
little acetic acid and alcohol Facultative anaerobic 

B 0 4 to 0 6 ft thick Does not attack xylose , actively decomposes maho acid, 
with foimation of laotio and carbomo aoid 

B gtacile, MuUei-Thurgau and Osterwalder The most frequent of the aoid-de- 
oompoamg species A fioil oiganism, which, though very active, forms but a small 
deposit a snow-white, ahmy coatmg, which when the bottle is inolmed will shde on the 
rest of the deposit Short lods, and also thieads, often ouived Zoogloea 

On gelatme, colomes with smooth edges, non-hquefymg Ferments leevulose, dextrose, 
and galactose, with formation of laotio, acetic, and carbomo aoid , with Imvulose it 
forms manmte , with dextrose and galactose ethyl alcohol Optimum 22°-26° 0. Facul- 


tative anaerobic jnox-i 

A peouhar position is occupied by J3 ta^taiophtTioium Bods and threads 0 o to l m 
thick Decomposes taitario aoid Paitially decomposes glycerme Converts taitone 
acid into acetic acid , a httle propionic acid from glycerme 


11. Cocci, Diplococci, and Tetrads. 

Decomposes malic acid mto laotio and oarbonio aoid j i 

A Ferment dextrose and IsBVulose, with formation of laotio acid and a little acetic 

acid 

(а) 0 5 to 0 7 thick Attacks maltose and lactose, but not amygdalme 

M aetdovoren, Muller-Thurgau and Osterwalder Smgle cocci, diplocoooi, and tetods , 
zoogloea Surface colomes on gelatme roundish, smooth edges Decomposes depose, 
lievulose, galactose, lactose, and maltose, with formation of laotio acid Optimum 2d 6 u 

Facultative anaerobic . t t. x + 

(б) 0 7 to I 6 fi thick Attacks amygdaline very actively, but not maltose or 

Jf* vanocooeua, Muller-Thurgau and Osterwaldei Single oooa, 
tetiad?,« zoogloea Surface colomes smooth edges Deoomposes Iffiimlose, dexttoao, 
and galactose, with formation of laotio acid Optimum 26 5° C Facultative , 

B Ferments dextrose, with formation of volatile acid, not laotio , does n 
Isevulose. 
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M Tnaloladiicus, Seifert 10 n tbiok 

Cocoi of same size as those ot M laiiococcus Identical action on malic, tartanc, 
oitnc, lactLO, and succmio acid , but differs as described m its action on hexoses 

{M sapiogenes vnn and Bacillus s v , isolated by Kramer, are not included by these 
authorities among the mne bactena proper, because they are found m strongly deooni 
posed mnes m a putrid state ) 

In leaven, lactic acid bacteria also occur which, without doubt^ 
play a part in the fermentation of bread Peters, for instance, 
found a species which occurs in motile rods, and forms a slimy 
skm on neutral yeast-water-sugar at 30° C Henneberg found 
Leichmann's Bact lactis actdt by development m mash at 48° C, 
and at 38° C a special species which he named Bact imms [e'i mentally 
which occurs m mash in short and long rods, and forms small white 
colomes on wort-agar. The optimum for the production of acid 
is at first about 37°-42° C., and afterwards 34°-38° C. 

The lactic acid fermentation plays a very important part m 
the means adopted m different countries for preserving vegetable 
foods for both man and beast. Vegetables are chopped up, in 
certain cases salt is added, and they are placed m vessels or in 
hollows protected from access of air A fermentation sets m and 
lactic acid is produced as one of the products. This acid protects 
the material from the attack of other micro-organisms, and gives 
the peculiar character to the preserved vegetables The tem- 
perature usually rises when fermentation begins, which allows of 
the partial development of special thermophilous bacteria As a 
consequence of the development of other micro-orgamsins, the 
amount of acid is always reduced with prolonged fermentation. 
The active species are described by Wehiner, Aderhold, Weiss^ 
Henneberg, and others A rich flora of species occurs, however, 
in such ferments 

On these different media Fred and Peterson found a particularly 
interesting organism, Lactobacillus pentoaceticus^ which is closely 
lUied to the manmte bactena described by Gay on and Dubourg,, 
ind also by Muller-Thurgau It takes the form of rods with blunt 
3nds, 2 to 3 times as long as they are broad, of varying size , it 
dso occurs as filaments, apparently feebly motile, not spore-forming 
Dn agar-plates it forms small colomes resembling common lactic acid 
lacteria. It is characteristic of this species that it very actively 
erments xylose,"^ with fuU or limited access of air The mam pro- 
lacts are lactic and acetic acid , optimum temperature about 27° C. 
iVhen fermenting glucose, galactose and mannose, it chiefly forms 
actic acid and ethyl alcohol, with evolution of carbomc acid In 
he early stages of its fermentation of fructose, it forms considerable 
[uantities of mamntol, lactic and acetic acid , the mannitol 
pradually disappears, and fresh quantities of lactic acid are 
ormed Tlie species can be developed by mtroducing a sample 

* It will be remembered that lactic acid bactena oontaimng this ferment were ureviouslv 
iflcoveied by Kayser v ^ j 
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of green corn ensilage, mamirp, sauerki’aut, etc , into a yeast 
decoction to which xylose and an excess of calciam carbonate have 
been added The species seems to be widely distributed, and plays 
an important part in the production of corn ensilag^ (green corn 
fodder), its action being far more powerful than that of Bac 
aetdt lacUci and B Bulgancum. Crolbois found an apparently 
similar species, which proved to be particularly active in preserving 
green fodder 

Kephir, on which the investigations of Kern have thrown some 
light, IS an effervescent, alcohohc sour milk, prepared by the m- 
habitants of the Caucasus from cow’s, goat’s, or sheep’s milk. 
It IS made by adding a peculiar ferment, “ kephir-grams,” to milk 
These are white or yellowish and irregularly-shaped grains, not 
larger than a walnut and of a tough gelatmous consistency, and 
when dried become oartilagmous and brittle. The essenti^ part 
-of the grams consists of rod-like bacteria, connected m threads, 
and enveloped in gelatmous membranes. Kern calls this bacterium 
Disfcna Caucastca Accordmg to Beijermck this species, which he 
calls Lactobacillus caucasicus, produces in lactose, saccharose, 
glucose, and maltose a direct lactic acid fermentation It pro- 
duces solid, nodular colomes on whey gelatme resembling the kephir- 
grams Besides bacteria, various yeast fungi and, frequently, 
moulds occur m the kephir-grams 

In the preparation of kephir a little milk is first poured on the 
grams and allowed to stand for twenty-four hours at about 17° 0 , 
the milk is then poured off, and the grams, preserved for future 
use This milk is mixed with fresh mfik, and poured mto closed 
bottles, or leather sacks , the fermentation is completed m two 
or three days if the liquid is frequently shaken. It now contains 
about 2 per cent of alcohol This result is probably brought about 
by the simultaneous action of Dispma and yeast cells m combina- 
tion M'lth lactic acid bacteria present m milk These ferments 
■convert a portion of the lactose mto lactic acid , the alcohol and 
a part of the carbon dioxide result from the action of yeast As 
the fermented milk, accordmg to some authorities, contains less 
coagulated casein than ordmary sour milk, it may be as,sumed 
that the Dtspoia is also able to partly Kquefy (peptonise) the 
coagulated casern, perhaps with the help of the gelatmous mass 
secreted by the bacterium, and found in the kephir-grams, but 
not present m tho fermentmg milk. According to mvestigations 
of Hammarsten, however, the amount of casern does not appear 
to decrease, but a part of it undergoes certam alterations, partly 
physical, m consequence of which it becomes more finely flocculent 
The want of agreement m these results may possibly onginate m 
the different biological composition of the selected kephir-grams. 

Kreudenreich regularly found in a number of kephir samples 
Dispora Caucasica (Bad. Gauoasicum), which readily developed on 
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milk-a^ar plates and m lactose broth at 36° 0 , the baodli frequently 
have ghatening points at both ends, and Freudenreioh assumes 
that this phenomenon coincides with what Kern regarded as 
spores , unmistakable spores, however, were never found 

Two lactic acid coccus forms and a yeast species also occur in 
all samples One of the cocci (Streptococcus a) forms diplocowi 
and chains, and produces m lactose gelatme large, wluto oolomos, 
with coarse granidation at the edge , the best temperature for tho 
growth of this species is about 22° C. , it coagulates milk moat 
rapidly at 36° C , and contributes esseniaally to the production of 
a sourish taste and fine flocculent appearance The other coccus 
{Stteptococcus 6), likewise forming diplooocci and chains, occurs 
m smaller oolomes than a, and, m contrast with tho latter, grows 
well at higher temperatures, and forms more acid than a, but 
does not coagulate milk If this species os transferred, together 
mth the kephir-yeast, to lactose broth, the fermentation is more 
vigorous than if the bacteria alone are mocnlated , l^eudonroich 
^erefore, presumes that Streptococcus h splits up lactose, and that 
its fermentation is rendered possible by the kephii-yeast The 
hephit-yeast (a Toiula) discovered by him grows remaa’kably well 
and gives a weak fermentation in beer-wort, but does not appear 
to produce any fermentation in nullr or lactose broth Tho growth 
consists of oval cells (3 to 6 ^ long, 2 to 3 broad) , it forms neitlier 
film nor spores, and its optimum temperature hes at 22° 0. 

the course of his experiments, IVeudenroich succeeded in 
prodacmg a liquor resemblmg kephir, for which purpose ho inocu- 
lated a mixture of the four species in milk, and, after a laiwo'of 
some days, introduced a small portion of this sour, coagulated 
i^, which had been repeatedly shaken, into sterilised millt ho 
theremre concludes that these four species, through their symbiosis 
are able to bring about the kepliir-fermentation He could not 
ob^rTO any s;^thesis of kephir-grains, and it is not yet clooi' what 
part iJia^ra Oaucastca plays m the whole iirocess moreovei' it 
apears to be highly probable that species of bacteria, other than 
described by Kreudenreioh, m addition to 
other budding fnngi^, are active m the process It may be deserving 
f notice that m the author's laboratory it has been proved that 
aromyces (^. frag,l^) occurs in Kusian koX- 
grams which fOTments milk-sugar directly, whereas aj] previous 
mv^tigators orfy foimd budding fungi incapable of sporo-fomaiiwi 
i 77 from kephir-grains a large number of spooios 

^ necessary for the formation tho 
common lactic acid streptococci ho found 
■omebjoto to tho .orogonoa group, forther a uuS 

u yoa^ spoMos (jMjudmg eereraj which do not ferment laetoael 
he action of which he believes to consist in resnla7,nr+i,l ? 
f farmentabon and furthenug theT^i^T^tSf ti^X 
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finally, vaiious but 3 Tno acid bacteria, some of wMcb dissolve 
casern, while others tend to form slune. By mivmg up all 
the species, Kuntze succeeded m preparing kephir-grams which 
on addition to milk converted it mto the well-known bever- 
age. 

Koumiss IS a similar fermented milk, prepared chiefly from mare's 
milk by the nomadic tribes of Southern Russia and Siberia , it 
has been applied in many coimtries as a cure for various diseases. 
The true Koumiss, as prepared by the nomads, is fermented m 
leathern bottles, fermentation bemg started by adding a little 
dried milk from a previous fermentation The organisms present 
sour and coagulate the milk durmg their development, and an 
alcoholic fermentation sets in, with evolution of gas. The coagulated 
mass IS so finely divided that the hquid only turns thick An accurate 
examination of the active organisms was undertaken by Sohipm, 
who proved the constant presence of a yeast species, a lactic acid 
bacterium, and a special species of bacteria which occurred m large 
quantities, and appears to be characteristic of the Koumiss fer- 
mentation It IS a facultative anaerobe which forms whitish 
oolomes m gelatme, consisting of a central nucleus with streamers 
m all directions. It tlirives best on sour-mfik gelatme, and does 
not hquefy the gelatine By the addition of cow's milk at 37° 0. 
it coagulates to a thick paste without noticeable separation of whey. 
Its optimum hes between 20° and 30° 0. Ten minutes' heatmg 
at 60° C IS sufficient to kill it In experiments with mare's milk 
in presence of these three organisms, Sohipin arrived at the con- 
clusion that this species plays the most important part in the 
formation of Koumiss, and that it produces a lactic acid, as well 
as an alcoholic fermentation and poptonises the albumen It only 
displays its activity when the yeast and lactic acid bacteria have 
prepared the way for its development 

It appears that the orgamsms occurring in Koumiss samples 
of different origm are far from being identical Thus, Bubinsky, 
oontmumg his researches, found two species, hvmg symbioticaUy, 
to be prevalent and particularly active— viz , first, a yeast which 
ferments lactose and produces about 0 i per cent, of lactic acid 
* m rnilk , it converts casein and albumen mto albumoses and pep- 
tones, and produces aromatic, oster-hko substances : secondly, 
a “ Koumiss bacterium," belonging to the third group m Lohms’ 
system, and exhibitmg very different forms, from streptococcus- 
like cells to very long filaments , it has httlo power of acid pro- 
duction , temperature limits 23° and 40° The metabohe 'products 
of the yeast considerably further the growth and acid production 
of the bacterium. By infecting horse's or camel's mfik with pure 
cultures of these two species, Rubmsky could prepare a normal 
Koumiss, but not from cow's milk. KmaUy, he found such widely 
occurring streptococci as B. ao%d% lactici Huh&pfe and B. Gct/uca8%cum, 


120 MIOEO-OBGAinsMS AKD FERMENTATION. 

but only lu comparatively small quantity and without any dirccl. 
mfluence on the true fermentation 

Armeman Mazun^ a fermented milk (of biillalooS; cowh, ^oats) 
resembling kepfur, is drank, and also oiuployod for making butter 
and cheese, Emmerling and Kalanthar, and lator Duggeli, dL^** 
covered m it various bacteria, moulds and yeasts, tho latter Ixung 
closely studied by the two latter, who found a tomporatnro of tlO ( . 
to be the most favourable for the mamilacture and i)i‘()])agatrion of 
mazun Among the three yeast species observed by Duggeli, one 
proved to be of particular importance It exhibits oval and 
elongated forms, and. on whey-agar forms while colonics witli a 
dull, almost mealy surface , if grown in milk, it ])rodiu‘<ss sliglil 
amounts of acid and alcohol, and at tho same time an agreeable^ 
odour of sebaoic acid esters Mazun was further examined bj 
Weigmann, Gruber, and Huss, who also detected a I*^astorianus 
yeast, fermentmg lactose, together with two jiariicularly eliara(‘ier- 
istic bacteria —Bacilltis Mazun, spore-forming rods with projier 
motion, 2 to 4 times as long as they are broad , siiores ()val-ol)long. 
It will grow under aerobic as well as anaerobic conditions , on gelatine 
it forms grayish- white, liquefying oolomes with off-shoots radiating 
in all directions , on agar grayish colonies with lobato edge. ( ‘oagu- 
lates milk Bactenum Mazun forms long rods witlioiii j)roj)er 
motion, both aerobic and anaerobic It grew only on whoy-agar 
plates (20° to 37° 0 ), where it formed small white colonies, roiuul or 
irregular, of a greasy lustre Produces abundant acid, and is con- 
sidered to be specifically characteristic of mazun, in conjunction 
with the first-named, strongly peptonising y])ecios, which im])arts a 
oheese-Iike flavour to the milk 

In a similar way in Egypt, a sourish aromatic product rcsoinbhng 
kephir is prepared from buffalo's, goat's, and cow's nuJk nanuxl 
Leben. It contains less alcohol than kephir, and ooagiilaics As 
in previous cases, boiled milk is brought into fermentation hy tJu* 
addition of dried milk from a previous fermentation. A(*cording 
to Rist and Khoury five different spocios arc active in this f<‘r- 
nientation, a Sti &ptobacillus which coagulates milk and ])ro(Uices 
lactic acid from lactose . a very thin Bactlhis winch also yieldh 
lactic acid , a Di'phcoccm which strongly coagulates nnJk ; a 
yeast species winch ferments glucose, saccharose, and jualtose, but. 
not lactose, but which, along vuth tho Shepiocoems, may gjvc a 
vigorous fermentation in milk, as the bacterium hydrolyses : 

and, finally, a Mycoderma species vhich can ferment glucose and 
maltose, but not lactose The St) pptococciis and Diplococcun als(> 
possess a special roimet enzyme According to Rist and Khoury, 
by the use of these five species, Leben can bo pre^iarod from milk, 
and, best of all, if the two buddmg fungi are added first and the 
bacteria later 

Yoghourf is a species of sour milk or thick milk prepared in 
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Turkey and Bulgaria. Sheep's or cow's milk is used, wluch is 
boiled and reduced by evaporation to half its volume, then cooled 
to 45° C , and the ferment — Maya or "" Podkvassa "—is added. 
This consists of milk residues from previous preparations, dried 
under special conditions and ground, and contains many species 
of bacteria After a fermentation lasting for nine to sixteen hours 
at a temperature of 40° C , the Yoghourt is ready for consumption 
It IS more or less sohd, according to the degree of concentration, 
and possesses a sounsh aromatic taste. It is eaten cold, either 
alone or with the addition of rice, bread, sugar, or fruit syrup. 
We owe the first bacteriological mvestigation to Grigoroft, who 
found three different lactic acid bacteria The most important is 
Bacillus A {Bact BuJgarwum) It forms long motionless rods, 
often linked m chains, grows well on saccharine substrata, has an 
optimum temperature of 45° C It produces alcohol, and attacks 
lactose, manmte, dextrose, maltose, and laevuloso, but not rhanmosc, 
dulcite, and sorbite iliciococcus B occurs as single cocci or 
diplococci. In addition to the above varieties of sugar, it attacks 
rhamnose and glycerine Stv&ptohact C forms short rods linl?:ed in 
chams It attacks lactose, saccharose, Isevulose, and glycerme, 
but not maltose, manmte, rhamnose, duloite, or sorbite The 
optimum temperature for the last two species is 45° C., and they 
produce alcohol 

After Grigoroff, several workers examined the Yoghourt bacteria, 
more particularly that, species known as B Bulgaricim^ a name 
which has proved to include a number of strains differing slightly 
from each other This species surpasses all other known lactic 
acid bacteria m its power of producing lactic acid, the quantity 
liroduced amountmg sometimes to 30 g per litre Bertrand and 
Weiswiller showed that it forms small quantities of succimc, acetic, 
and formic acid 1\letschmkoff, having established that it can be 
acclimatised m the human mtestmc, and that it is innocuous to the 
system, suggested that a pure culture of this Yoghourt bacterium, 
grown in milk, should be introduced into the intestine, m order 
that the large quantity of lactic acid formed might check the 
growth of the numerous toxic bacteria, which develop more par- 
ticularly m the lower mtestme The results arrived at by Grigoroff 
and Metschnikoff were confirmed by Coliendy, who showed that the 
species wiQ coagulate milk m 18 hours at 37° 0, Klotz observed 
that at its optimum, 45° 0 , it is able to coagulate milk in five hours 
JCiilin described a Granular Bacillus"* wluch, however, Kunze 
is inclined to regard as a mere variety Aocordmg to Heverm, 
the s])ecies is identical with Strepiohactllvs lebemSj isolated from 
Egyptian Leben , he also discovered seme slime-forming varieties. 

♦The granulefe, aocoiding to Oebloi, on coloxation with alkaline mcthylene-bluo, 
acquire a led ooloui, whereas the hlaineiitR aio colouiocl blue Tliey albo become conBpicu- 
oiis by NoiRflei 's stain 
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The existence of differecoes between the strains examined is also 
shown in their reaction on the sugars, some of them fermenting 
saccharose and maltose, whole others do not Barthel found the 
products of three strains derived from Vienna, Berhn, and Paros, 
differed on rotatory power two of them produced Isevo-rotatory, 
the third dextro-rotatory acid L hnis proposes to give all those 
long-rod lactic acid bacteria which are isolated from fermented 
milk the common denomination £ C(iuccbs%cwfifh^ after the form 
jBrst isolated by Beijermck from kephir, all the strains being thus 
regarded as a single species Some workers have also detected 
yeast species in Yoghourt, and attach more or less importance to 
them 


3. Butyric Acid Bacteria. 

When stale milk m which lactic acid bacteria have developed 
IS neutralised by the addition of calcium carbonate, so that calcium 
lactate is formed, it will, as a rule, undergo a buytric fermentation. 
Pasteur showed m 1861 that this fermentation is brought about 
by particular micro-organisms which are able to live without air 

I'lbrions butyrtques This spontaneous butyric acid fermenta- 
tion takes place most vigorously at 36°-40° 0 (Starch, glycermc, 
dextrin, cane-sugar, maltose, lactose, and dextrose are lilcewiso 
decomposed by the butyric acid ferments, and such fermentations 
are of frequent occurrence, as the bacteria belonging to tins group 
are very widely distributed m nature To induce a butyi'ic 
acid fermentation, Pitz recommended using a mixture of 2 litres 
of water, 100 grammes of potato-starch or dextrm, 1 gramme of 
ammonium chloride, the ordinary nutrient salts, and 50 grammes 
of chalk , this mixture is to be maintained at 40° C Bourquclot 
recommends exposing slices of raw potatoes, standing in water 
for two or three days at a temperature of 26°-30° C. 

Beijermck proceeds as follows • — 5 per cent of finely ground 
fibrm is added to a 5 per cent solution of grape-sugar After 
vigorous boilmg, it is moculated with garden soil, and immediately 
placed in an incubator at 35° C The fermentation will set in within 
a day or two The liquor is then neutralised with soda solution 
A growth is thus obtained of Beijermok's Oi anulohacter aacchanh 
butyncum, the majority of other bacteria being deslroyed by 
boihng, or else checked by the butyric acid fermentation. Por 
Bredemann's method of cultivation and regeneration, see the end of 
this chapter 

The most important xiroducts of the butyric acid fermentation 
are batyric acid, carbon dioxide, and hydrogen 

Accordmg to Pasteur's experiments, the butyric acid ferment 
can perform its functions without access to free atmospheric oxygen. 
The usual spontaneous butyric acid fermentations proceed most 
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■vigorously when oxygen is excluded. It has, however, been sho-wn 
by recent experiments that there are many butyric acid bacteria 
which multiply and mduce butyric acid fermentation when they 
have access to oxygen — ^aerobic species In the course of years 
a very large number of butyric acid bacteria have been described 
By the study of this mass of material, it has been shown that they 
are di-visible mto two groups — ^first, the true butyric acid bacteria^ 
bemg those that produce butyric acid as the chief product of fer- 
mentation by decomposition more especially of carbohydrates or 



Fig 24 — Oloabidiim hiif^jricum, Piazm (afl/or Prazmowski) — A, Vegetative fitate; 
c, short rods , (Z, long rods , at a and rods and filaments curved like vibnoues, 
J3, Foimation of “ lesting spores d, lods, provioua to, c, e, dining, /, rj, h, after 
the formation of restmg spoios , c, elliptical , d and h, lemon-shaped , s, g, spmdJo- 
shaped , /, todpolo-lonn , at rt lods still on tboir vegetative state 0, Germination 
of resting spores , the spore a expands mto b , c, shows tho difiorentiatiou ol the 
membrane into exo- and ondosponum The contonth sui i ounded by the endosponum 
issue flora the poloi fissuie oJ the spore in the form of a short lod (d), whioh appears 
pi olongod at c 


calcium lactate , and, secondly, there remam many species which 
form butyric acid along with other products by the breaking do'wn 
of albuminoids. This applies particularly to putrefactive bacteria, 
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many of which only produce minute (|iiantitics of InitjTJc acid. 
Thorough chemical investigationK have been earned out by Kit./., 
and more recently by J^ortox, as well aw by (Scliaitcnfroh, (}rH.><s- 
berger, Bredemann, and Kiniow, who invcwtigatwl tlu' actum of 
a number of specieH upon starch, tlie sugars, glyccriiu', e<‘llulos(', 
and the albummoids, and dolornuued tlio products of fermentation. 

One of tho first species to bo minutely desorilied is Krazinowski's 
(Jhstmhum hutyricum (Bac ’Imlyrtcua, Kig. 24). it (Kicurs in the 
form of short and long threads and roils, which may la* ('itlu'r 
straight or somewhat oiu'voci l^ie rods are in brisk movement, and 
under a strong magnifying ]iowor tiiey ai’c* soon i.() b(' oovi'red with 
a largo number of cilia (Fig 2r>) Before tlie formation of spores 
in the rods, the latter swell and form peculiar spindle and lemon- 
shaped, elliptical, or olub-liko forms, as shown in tlie diagram ; at 
the same time they are coloruod blue liy iodine. ^I’lie sponss ean 
withstand boiling for five imnutes. On germinatiion tlie spores 
burst their outer envelope, and the germ lilameut grows in the same 
direction as the longitudinal axis of tho spore. 
(ilo«tr%di%m iyuiynntm grows most, vigorously 
at a temperature of about 40" (*,, and mav 
then ra|)idly hocoino jiredomiiiant in sugar 
solutions if tJio lactic tu-id ferment has ])re 
viously converted a portion of th<> sugar 
into lactic aoifl 1’his species is decidedly 
anaerohio, 

KitK has doscrihed a sfiocics belonging to 
the aerobic orgaiiisius a bacillus of a sluirt 
i-’iK biity- ojlmdrical form, which is not oolouriul lilue 

mill oitoir’rili niodi'rnle degri'c. 

staiiioci oilia, H formoiitn all oar))ohy(lrat(^M with ilio ('xci'p* 

lion of Htaroh an<l coIIuIohc. 

According to l^ite tho spores of butyric acul hactcTia <*an with 
stand the texnporatnro of hoUmg water for a loogth of tinu', nal urally 
clepojidont, as in till cases, on their (condition and on tlu^ imliirc 
of the substratum ; Jfitz gjvos throe to twenty minutes as limilH. 
Chey can, however, ho kiUod at a lowc^r tomporature if niuinluint^d 
» thus they arc killed by being heated for six lio'irs at 
00° 0 in a solution of gra]jo-sugar ; hut in glycerine, at the hiuiu^ 
tomporature, for a period varying from six to oJeven hours. 

^ Hueppo has likewise doscrilx'd a spocios {liac, hutyvlctus) found 
m milk, and occurring m tho same forms as the specu's (l{HO(>\(»rod 
by Prazmowski, but it proved ]uuoh loss sonsitivt^ to oxygon. This 
spcoios does not, however, forju Ixityrie acid froni oarbohydmtfv*. 
but from albuminoids 

Another aerobic spooios, Bac hoocopicus^ was (l('t(*ot(xl by Mm- 
merlmg in cow dung. It forms short rods, and is elmrac^tCTtsed by 
not liquefying gelatine, and by converting glycerine into butyrwt aeicl 
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Gruber found three well-defined species associated nry ^^er the 
name of Glostiidium butyricum, two of which are exclusively an- 
aerobic One of the latter species consists of straight or slightly- 
curved rods, which become spmdle- or barrel-shaped during the 
formation of spores In nutrient gelatme it forms colonies which 
when seen m reflected light, appear brownish-black or black The 
second species consists of strongly-curved rods, at the end of which 
spores appear, it forms yellowish or yellowish-brown colonies 
The third species is also capable of growth and of causing fer- 
mentation in the absence of oxygen , its development is however, 
decidedly assisted by the presence of oxygen, and it is ’only then 
able to produce spores The rods are cylindrical , with the forma- 
tion of spores they become spmdle-shaped, and m the centre of 
the apmdie the large spore is formed The colomes m nutrient 
gelatme are yellowish AH three species form butyric acid and 
butyl alcohol from carbohydrates 

In the -water supply of Pans, Perdnx found an anaerobic bac- 
terium {Bacille amylozyme), which occurs m the form of motile 
threads, four to six times as long as they are broad This converts 
saccharose into acetic and butync acids, with evolution of hydrogen 
and carbon dioxide, and it also produces amyl and ethyl alcohols. 
The optimum for its growth is 35° C On slices of potato it forms 
whitish round colomes, which gradually liq^uefy the substratum. 
This species is very sensitive to acids The spores can -withstand 
ten minutes’ heating to 80° C 

Bac ottliobutylicvs was isolated by Grimbert from seeds of 
the leguminosae It wais separated by heating for one mmute 
at 100° Its spores survive this treatment The species is an- 
aerobic, and forms motile rods two to four times as long as they 
are broad, with rounded ends In these rods two and three spores 
may occur Its fermentation products are chiefly butync acid, 
butyl alcohol, and acetic acid, together -with carbon dioxide and 
hydrogen It ferments saccharose, maltose, lactose, and glycerme 
It hyckolyses starch, and converts dextrme mto maltose Grimbert 
proved by detailed experiment that the length of fermentation, the 
concentration, the reaction of the liqmd, and the conditions of 
growth all influence the amounts of the fermentation products 
Thus with an acid reaction the amount of alcohol mcreased and the 
formation of acid simultaneously decreased On the other hand, 
the quantity of alcohol diminished and that of acid mcreased 
wlien the liquid was neutralised with calcium carbonate 

Amongst other workers m this field may be mentioned Bo tkin . 
Fluggo,'who isolated a species from milk by heating for one and 
a-half hours in boding water or m a current of steam, the spores 
survivmg this treatment , v Klecki, who cultivated Bctc. sacchato- 
huiyncus from cheese 

Closindtum Pasteunamm, discovered by Wmogradsky, is of 
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partioiilar mtorost. Ho ifiolatod it from garden soil by licatiiig lor 
ton imnutos at 76° 0 , and then cultivating in a stroain of nitrogon 
in a subsiraiuin free from nitrogen. The HpocioH can, thcroXoi'e, 
(ibsorh free nitrogen from the aw and asMimilato it It fonns biityino 
acid, acetic acid, minute iiuantitioR of alcohol, carbon dioxide, 
and hydrogen, and ocouth as short, thick inotdo rods, which at a 
later Htago expand into Hjhndlo HhajioH, and during tho production 
of H])oros gives a violot-browu ooloiu' with lodmo. '^I’ho free Hjiores 
aj*o sun'oundod by an irregular mass of jolly. 

Beijorinok has drawn Hpocial attention to the posHibililies of 
butyric acid bacteria which disiday hoihes rosomhling granulose 
in tho Hwollcn colls and may bo coloured with iodine, and Iiiis 
formulated a groui) wliich ho, calls Graniilobacler. 'Plu^ originator 
of tho butyric acid fermentation, tho ju'oparation of which has 
boon doseribod, ho calls Qramdobacter Hoceharobnkp'icmn ; it forms 
varying quantities of butyl alcohol, carbon dioxide, an<l hydrogen 
from saccharose, bettor from glucose, and also from maliKiso, and 
it HOorotoH diastase. 

Bohattonfeoh and Orassborger oxaininod a long senes of species, 
Iioth pathogonio and non-pathogenio, and found that the latter 
consisted ohiody of two species, one of which is motionless, and is 
very widely distributed. It forms both short and long j‘ods, pai‘ 
ticularly on alkaline substrata containing starch. It exhibits tlu' 
grannloHO reaction m tho Oloelndtum form (this usually distqipears 
with tho formation of spores), and it li(|uolies goIatiiii‘. 'Ulie other 
spocios IS motile, and forms thin rods with from six to twenty cilia 
on each. They are also motile in tho sjiore stage, and do not 
liquefy golatino. Neither of them attacks cellulose. Wo must hero 
recall Paraplenlnm foeUdum (Woigraann), wliich is widely dis- 
tributod in milk. It coagulates tlio millc, and then dissolves the 
coagulated mass, and dovolojis a very ohjootionable smell of clii'oso. 

By extensive rosoarohos on original cultures supplied by fellow- 
workors, and also on material sent from all parts of tho world, 
Brodomann, with a full knowledge of tho literature, came to tho 
oonolusion that a large nurohor of tho vutny {tj)erm ((vm'ilml air 
idenkcal. For tho numerous strains in question, ho jiroposed the 
spooifio name suggested oarlior hy Van Tioghom : JiariUiin amijlu- 
boater. They all possess tho power of combining vnl/i almonpha'ir 
niti'ogen. Winogradsky has shown, howovor, that they are very 
apt to lose this power hy artificial cultivation. I’lio doHoriptioii 
of this bacterial typo hy Prazmowski (soo above) may he accepted : 
iSliort and long motile poritriohous lotls of varying thickncsH. 
They somotiraos appear able to (hvido thomsolvos so as to ov*)lve 
short roundish cells rosomblmg cocci. []’ho form of tho s[)oro is 
most frequently cylindrical, more rarely boan-shaped, oval or 
round ; tho spore is usually siuTouiidod hy residual sporaiigiuiu 
membrane. Length about 2 n, breadth 1 /x. Qoi’jniuatjon jioiar. 
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In the coTirse of spore-formation the rod assumes spindle shape 
or other forms, sometimes very irregular The spore is often, 
but not always, found near one of the poles, which is swollen 
The young thin rods are coloured uniformly yellow by lodme, 
which, as already shown, can produce in the contents of the thicker 
rods the same reaction as starch, hence the name amylohacter 
They also give the glycogen reaction These bodies, which are 
distributed in the form of granules, generally, or at least partially 
disappear in the course of the development of the spore On colora- 
tion with methylene blue (one volume of a saturated solution m 
96 per cent alcohol to 9 volumes of water), old cells especially 
often exhibit formations that may be interpreted as cell-nuclei 
Optimum temperature of examined strams 30° 0 , both for the 
germmation of the spore and the growth of the organism The 
spore will germinate even at a concentration of about 20 mg of 
oxygen per htre 

For the development of these bacilli Bredemann recommends 
puttmg 2 g of earth in a test-tube fiUed to a height of 6 cm* with 
Wmogradsky's non-nitrogenous solution’*' Heat to 80° 0. for 
ten mmutob and allow to stand at 28° C. A violent fermentation 
will soon set in, and the tube is allowed to stand for eight days m 
an oblique position By that time the bacteria will have formed a 
film on the lower side of the tube A portion of this culture is diluted 
with water, the temperature raised to 80° C , and the dilution trans- 
ferred to agar plates in a vacuum (1 mg of oxygen per htro) at 
28° 0 (1 per cent of dextrose, 1*2 per cent, of Wittes peptone, 
0‘8 per cent Laebig's meat-extract, 0*2 per cent NaQ, 1‘6 per cent 
agar , slightly alkahno) After spore-formation and before any 
fresh moculation the temperature is raised to 80° 0. for five imnutes 

As these bacteria are not strictly anaerobic, they will support 
up to 30 mg of oxygen per htre—they can be grown, not only 
under ordinary anaerobic conditions, but also m open flasks, where, 
if abundantly moculated, they exhibit the same powder of fermentmg 
and fixmg free mtrogen f 

As regards the fermentation p*oducts^ it is evident from Brcde- 
mann's researches that the differences established b\ many of the 
species described are largely attributable to different treatment 
and condition of the cultures Besides OOg and H, they produce 
butyric acid and several other volatile acids , lactic acid and various 
alcohols were found m varying proportions A charactenstio 
feature which they have in common is, that they attack albumen and 

* In one like of water, iroe from ammonia 2 poi cent dextrose, 1 g potassium 
plioBpliato, 0 2 g magnesia phosphate, miimtesimal doses of sodium ohloiido, ferrous 
and manganese sulphates, together with excess of ohalk 

\ The following has proved to ho a smtable nutnont liquid — 1 0 g of di-poiassmm 
phosphate, 0 2 g magnesium sulphate, 0 2 g sodium chloride, 0 01 g ferrous sulphate, 
0 01 g manganese ^phate, 20 g dextrose, 10 g precipitated calcium carbonate m 
1,000 0 0 drinking watei. 
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peptone without pmiucing ill-HniclIuig Hul».slau(!t‘s in conti'u'^i 
with the ty})kal ])utrcfactivo bacU'riii. 

Ah already .stated, they are apt to Ioho their (xnit'r of eomhining 
with atma.sphoric nitrogen After living wnne tune tinder the 
artificial conditioiiH doHorihed, it ih often tliflieidt to obtain a normal 
devolopinoiit with forineutation and introgtm iixation in a li((uitl 
heo from nitrogen In thiM roHpwt tlu' eullurt'H behavt' dilTt'rtaitly 
JuHt as iH known to bo the eane witli tlio Azolobtuder living in th<‘ 
tuborn of LcgunuuoHa*, ho it ban proved pohHibh* to ri', store thh 
power by letting the culture pa.sH through earth. Dried and lillered 
garden hoiI ih jnit into tCHt-tuboH, inoisti'iii'd with water and ster 
iliHod at 1 /lO^' ( ! for tlirwi ipiarterH of an hour , l.l«« noil is t hen freely 
inoculated from an agar culture diluteil in Hterilisod wtilor, and the 
mixture loft to stand for hoiuo weeks, in iwiio or wit It aeeeHs cd 
air A culture so treatisl will react likt> a frisih one isolated from 
earth, in a nutrient liipiid free from nitrogen. The samo result 
can often bo ohtoinod by adding a few grains of sterile eartli to tlio 
usual nmi-uitrogenous liquid. An addition of small (|uantitiw 
oi nitrogen compounds to the ihjuid does not provimt the baoti'rin 
from fixing nitrogen,* 

There Is no doubt that Imtyric acid fermentation may lake 
jilaoe both 111 brewerii^, distillenes, and yeast faetories, as well as 
in the forimmtation of wine, whieh is proliahly caiisi'd hy the 
activity of certain speeies of baeteria. Thus butyrie aeid has beem 
doteetofl in potato fusel oil and in eogiiae, as well as in tlm yeast 
mash of the di.stillery. 

If the preparation of the mash and wort goes on under in 
dilTerent conditions, a good opportunity is alTortled for the ilevelop 
niciit of sucli liactoi’in, and this applies also to the higher lorn 
lioratiii'cs at wliieli top fermoutatiou is carrUsl on. 

A bacterium that jiroduces butyrie acid together with oilier 
HubstanecH is Jinc. Iwjnihpmh, described by hebrens, wbieli occurs 

* Among libc IiacitM'ia (UuUl with in Huh (‘hapUM* In'loiig Ihosn aftivo lu (ho irfitm/ t*f 
jltLV) iiHlkSt el(\ TIu*y aitaok Mio Inlortrlliilni* MulHlaaot*, wi that tlio (Ihn* ^ 

llhoiaU'd, Tho nclion ih ro^tardod as a hydrolymH follouod hty fonuMiluimn n/ 1 ho t<wr» 
in Iho lamoUto liotwoon Iho ooHh (honoo tho HjiooUio numo of tuo oi llo' notivf* n|h*imoii 
mot With* PlcclmUnm and <h<t)\HUihuviei' pvdtuohintm). Ihm* i'id(in<‘M ino(hodioall> 
pmpami (in tho lahoiuiory ol Iho aiilln»r and olhowhoro) and laiionally applit'd on an 
induHtml Hoale, havo givou good roHuItH ; tho hwinoniiititiu, uiiomnualuMod with fojoigii 
miom oogaiUHnjH, could prooood HiKcowifuliv and promptly* A (ypioni anaorohic H|Hnuo* 
ooouinng m hucIi iormoiitalum (doHoiibod hy (‘arl)on(‘ umlor tho*naino ol //m*. IttHmniH} 
loj'iUH on millv agar mnalh nlondor rods with ohiong nporon Kilmdod iil om* mul of llio rod i 
OloHhulinnh^Umm Moldom oooiir, It will multiply roiidily at 1J7 ’ on Hlotdisoil homp 
with addition oi youht. The* growth im furtlior <lovolupo(i in poiato doooolion, to winch 
it iinportH an orange-, yollow' colour niid an ostm lik<' odour* Kuoh « oulluto m u^‘d in 
nuxmhiU^ hoiu]) w'luoh ih Inung water roLlofl at ;J7 V Of ii‘coni >oai^ **uoh ionuontnlion-* 
havo heem (uirnod out, parlh iilarl,\ tn ltal> aiul l‘’rnnoo, wilh 'iho na* oi port* tidluroi 
of wioh/r haoU'iia hy Hoshi'h iuoHukI (/»Vrr. fVimrwo, nporo forming)* wdh Mup{ilv id air, 
Oudor tlioHo oonditious lormonliition w (‘omplotod m a Hhorim turns and tlio rnU ol 
oxocHHiYO lotting IS avoided* Tho anaorohio HjxuMiH udlioring to iia\ and homp woio iu»( 
ohookod l)y aeration; hut tho (piantiiy oi orgaiuo Uiuds formisl was ifuiiid ti» Ijo ooii 
wiclorably Hmallor than it is whoii th<w‘ haotoua aio aolivo* 
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frequently on hops The spontaneous heating of hops has been 
shown by Behrens to he due to the development of this and other 
organisms It consists of motile cocci and short bacilh which 
liquefy gelatme In nutrients free from saccharose it produces 
large quantities of ammomum compounds, and, m particular, 
trimethylamme (the smell of rotten herring) In presence of saccha- 
rose the nutrient solution soon turns sour, and butyric acid is formed. 
The species appears to have its chief habitat m the earth, and 
bears a close resemblance to Bac fluorescens putidus, designed bj’’ 
Tlugge 


4 Bacteria Fermenting Cellulose. 

Bacteria fermontmg cellulose are widely distributed There 
a]jpear to be a large number of species or varieties ''' They constitute 
one of the prmcipal agents m the rapid transformation of the 
enormous quantities of cellulose, existmg on and m the sod, in 
vegetable residues, roots, etc , while peotms, pentosans, starch, and 
sugar are also attacked by these organisms Certam moulds have 
Mcewise been found to be more or less active m these reactions. 

Thanks to the admirable researches of Omehanski, we have 
obtained a clear conception of what bacteria are responsible 
for this action He sowed horse dung and nver mud on 
Swedish filter paper (pure cellulose), with the addition of 1 gram 
of chalk, 1 gram of potassium phosphate, 0 6 gram of mag- 
nesium sulphate, 1 gram of ammomum sulphate or phosphate, and 
a trace of sodium chloride to 1 htre of water The fermentation 
was carried on at 34°-36° C m flasks adapted for the cultivation 
of anaerobic bacteria After a time the filter paper was riddled 
with holes. He thus proved that two different fermentations of 
cellulose are set up, a hydrogen ferment and a methane ferment, 
and that these are produced hy two different species of bacteria. 
Omehanski separated the two by heating the fermenting material 
for fifteen mmutes to 76° 0 The hydrogen fermentation then 
proceeded, whilst before warnung the methane fermentation took 
place The reason is that the spores of the methane bacteria 
develop more rapidly than those of the hydrogen bacteria If 
the hqmd is heated to 76° C after the gernunation of the spores 
of the methane bacteria, the vegetative rods of these bacteria 
will be killed, and only the spores of the hydrogen bacteria will 
remam alive and germmate By repeated sub-culturmg an ap- 
proximately pure growth of one or other species may be ob^med 
The cause of the hydrogen fermentation is a thm baoiUus, 
straight or slightly curved, which forms spherical spores at one 
swoUen end. It is not coloured blue by iodine. The fermentation 

* In tlio vaned methods of oultme about to be dosenbed ifEerent species doubtless 
ooour Q 
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products consist ot fatty acids, carhou <liD\i(lc, iui<l li;vilro*f(*n. 
The exciter of juothano foruioutation pivHnit.s a himilar mjcm 
Hoopio appoarailoo, bat the throadw are Uiiiuu'r and tlu* 
smaller It w not coloured blue by iodiiu'. Ils reriuciifntinn 
products consist about liaH of fatty aoids (liulyric and iMola 
acids) and half of carbon dioxide and motliatu' 

Since the ajipoaranoo of Oinehanski's work, Ihesc bnftru.i 
liavo boon exhaustively studied by many workers rof^ardinfi; tlndi 
life-history as well as the mothodieal a]>))li(‘ation of selwlisl j^jieme. 
to agriculture and jierliaps even more' to industry, ns tliey are 
capable of oonverljng oolhilose into glucose. Among lb<’ more 
prominent workers in this line may bo numliots'd (Jroi'iiewege, 
tfutohinson, van Itorson, Kcllermaiiu, Kroiilik, Langwell and Hind. 
Ldhnia, Mtwfadyon, Pi-ingsbeim and S<tales. 

Those investigations prove that this group iiieltHle.s, among 
its most active nieinliors, not only mark(*dly niKimibir, but al»o 
facullahvehj anmvbie, and aholne. species, together with a sjieidal 
sub-group of thermophilous forms, energetically attacking cj'HuIom* 
at 60°-66° 0 

The (lerobic species were detected by Itersou (HHKI), who <et 
up such a formontation by sprinkling in a Petri dish, l)(‘tween two 
layers of tilter pa])cr, jnilvensed AigNll|PO|, pouring upon tlie 
upper layer 100 o.o, of tap water | O'.l g. K.il[PO,, adding a little 
mud or Inunns, and leaving the dish to stand at 21 W hile 

the medium is being dissolved, yellow'isli brown stains are lormetl, 
in wbicli appears a small motile, non-sporulaliug baeterium Ihtrl, 
Jerriiginemn — and a micrococcus, wliich are believed to net s,>m 
biotioaUy. According to Ldhnis, pure growths of Ihese liiieleria 
can be obtained, by using a mixture of 1 00 c.e. tap water, I *b g, tigar, 
0 3 chemically pure oollulo,so, 0*1 (!a(!0,„ 0'2 NaNO^, <IH .MgSH,. 
0*1 NaCH, O’l KjHPO* Development at about 37“ Theeohmie- 
of tho oelluloRO-disHOIvmg bacteria are siirrouiuled by a truushieeut 
ring. 

Lohnis and Loohhead made (*iuiuilivtive ('vperiaients with .in 
aqueous solution of 0 -2 per ooiit of basic slag, ((•02 pereenf. KJIPtlj, 
0 0] poj.' oont. MgMO.„ 0*001 per cent. NaCl, and a lutriigetmu 
substanoo such as meat-extract, in which strips of paper tti*re 
soaked. Tho liquid was slightly alkaliiu' or neutralised by l»^\ilio 
chlorio or lactic acid. The solutions wer(> iiioeiilated with garden 
soil or with cow dung, and kejit at 37“ U'lienever the Ihjtnd 
was rondorod tiudiid by bacterial growib it was renewed, and at 
last uniform growths were obtaini'd, consisting mainly of thin mil . 
and fllamonts. On oollulose agar tlii'y grew weakly, with n eli-at 
zone. When transferred to paper, they attacked it, and at the 
same tune there was observed the formation of darklv stained 
spherical bodies, which might again seem to indk'ale an ohligntoii 
symbiotic relation — ^if indeed these splu'rieal bodies am not 
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•stage m tlio development of the thin rods, as would appear to be 
the case from Hutchinson and Clayton's researches {Journ Ag^ic. 
SctencSj 9, 1919) 

Extensive work was done by Groenewege (m Java) on some 
aerobic species from a cess-pool, which were grown by inoculating 
dnnkmg water contammg KNOg and KgEnPO^ (0 26) and filter 
paper at 37° 0 After growmg them subsequently on broth-agar 
at the temperature of the room, he observed a number of 
rods, both spore-forming and asporogenous They secrete an 
enz 3 nne — cellulase — which will hydrolyse cellulose and convert it 
into cellobiose , this disaccharide is attacked by a second enzyme 
— cellobiase — and transformed mto glucose In neutral or shghtly 
acid liquid, acetic, butyric, and lactic acid are formed In alkalme 
liquids the sporogenous species will grow very freely, rapidly trans- 
forming cellulose mto cellobiose, with formation of formic, acetic, 
and probably valeriamc acid 

During the aerobic decomposition of cellulose m the sod, Groene- 
wege observed a symbiosis between the true cellulose bacteria and 
those which domtrify their decomposition products In this co- 
operation the cellulose disappears much sooner than when the 
cellulose bacteria act alone, a fact which illustrates the great im- 
portance of symbiosis m nature 

^Several aerobic species were isolated by KeUermann, Scales, and 
others by cultivation on ceUulose-agar The cellulose was pre- 
pared by puttmg 5 g of filter paper mto 100 c c of concentrated 
Hulphiirio acid diluted with 60 c o distilled water , after dissolving 
the cellulose by shaking vigorously, the hqmd is quickly dduted 
to 2 litres with cold tap water , the cellulose is precipitated, and is 
filtered and washed The bacteria isolated were rod-shaped, and 
mostly provided with ciha Though fermenting cellulose most 
quickly under aerobic, they were also active under anaerobic con- 
<litions, and formed no gaseous products 

These aerobic bacteria have been applied m agriculture 
Hutchinson, for instance, isolated a Spi7ochaete form which grows 
freely when abundantly supplied with air and preferably with 
inorgamc nitrogenous matters (0 per cent ammomum sulphate) , 
optimum tomperaturv) 30° C Straw thus treated, after bemg con- 
verted mto friable compounds — without, however, undergomg a 
full decomposition — ^was tested on a large scale and found to compare 
favourably with natural farmyard manure 

A special group of thermophilous species have then optimum 
at 60°-65° C The first observations are due to Macfadyen and 
Blaxall (1899), who sowed soil in nutritive hquids and, after a 
development of bacteria had set m, transferred the hqmds to pure 
cellulose, filter paper and esparto cellulose The most active de- 
velopment and decomposition took place under anaerobic conditions 

60° 0, Acetic and butyric acid were formed More recent work 
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by Priugsheim has sIio-wb that these thermophilous species attack 
cellulose very energetically, the decomposition products being 
cehobiose and, ultimately, glucose. He pointed out the formation, 
in varying proportions, of acetic and formic acid, together 'With 
methane, hydrogen, and oarbomc acid, contrasting with fermonta- 
iaons of cellulose takmg place at lower temperatures, where the ohioi 
product was butyric acid He further observed tho remarkable 
phenomenon, that if the growth of these species was arrested by 
raismg the temperature or by using antiseptics, it was possible 
to accumulate the cellobiose and glucose successively formed from 
the cellulose Krouhk found both aerobic and anaerobic s])COiOH 
among the thermophilous bacteria, and described an aorobo which, 
when grown m a hq^uid extracted from faeces, etc , would form 
yeUow specks on filter paper, which wore seen to spread gradually 
and to attack the cellulose violently at an optimum tomporatiiro 
of 56°-60° C It forms oval spores, which afterwards lengthen to 
rather strong filaments, dividing into larger and smaller fractions 
In this aerobiosis forimc acetic and butyric acid wore produced, 
the only gas formed bemg carbon dioxide. 

The species have found industrial apphcation owing to tho 
excellent work of Langwell and Uoyd Hind on a smglo faciiltalive 
anaerobic species, capable of fermentmg cellulose, which originated 
from a variety of plants and parts of plants Tho siiecios was 
isolated from stable manure, and had its optimum temiieraturo 
between 60° and 66° C In anaerobic cultures on glucose agar at 
38° 0 were found two different types of colomos, some being 
round, semi-transparent, and of a yellowish colour, whereas others 
were opaque white with crinkled edge Both typos, however, 
seem to belong to one and the same species, described as an immobile 
bacillus (0 4-4 /i), formmg spores at the swollen end For u.itrimoiit 
it only requires ammomum salts, potash, and phosphates Tho 
fermentation products (alcohol, acetic, lactic, and butyric acid , 
oarbomc acid, hydrogen, and methane) are present in variable 
proportions, dependi^ on the nature of the medium and tho 
conditions of fermentation — access of air, etc Tho fermontutious 
were carried out at 68° 0. on a large scale, and led to good 
practical results with common green plants that require only mo- 
chamcal treatment, and dry vegetables requinng brief boiling with 
dilute sulphuric acid Under these conditions the spooics is able 
entirely to destroy cellulose, whereas heavily ligmfiod cdluloso, 
such as wood, calls for a fairly expensive treatment 

These mvestigations have demonstrated that tins groiq) of 
bacteria mclude very different species, or probably rather varieties, 
fluotuatmg largely m their action according to external conditions. 
In course of tune, when their life-history has been cleared up more 
completely, they are likely to acquire great importance in ludusii'y. 
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5. Alcohol-forming Bacteria. 

Quite a number of bacteria produce alcohol amongst theur 
products of fermentation The first known species was d^covered 
by Fitz m a cold extract of hay, and was afterwards more exactly 
investigated by H Buchner, and described as Bac Fitzianus 
(Fig 26) It occurs both in coccus and baoilluB forms. In a nutrient 
solution contammg glycerme it ferments the latter, forming prin- 
cipally ethyl alcohol Bac ethacetieus, discovered by P Frankland 
in sheep dung, produces ethyl alcohol and acetic acid from 
glycerine, starch, saccharose, lactose, glucose, mannite, and ara- 
binose Bac ‘pmumomoi, described by Friedlander, is not only a 
pathogenic orgamsm, but also has the power of decomposing 
saccharme nutritive solutions, and forming ethyl alcohol and acetic 
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Fig 26 — Me dill fi Fdaanxis, aftei H Bubliiier — a, 1), /, g, Coccub foima and short rods , 
r, e, long lods , d, spore-beanng *odq 


acid In this connection may be mentioned a lactic acid bacterium 
found by Kruis and Rayman m sour yeast masb which produced 
ethyl alcohol as a by-product Duclaux^s Amylobacten ethyheus 
has oertam characteristics m common with A hutyheus, and occurs 
k along with the latter, but produces ethyl alcohol and acetic acid 
Fitz found a species {Bac butyheus) m cow dung which produces 
considerable q.uantities of butyl alcohol by fermentation of glycerme. 
Eitz desonbos it as occurring m the form of motile rods 5 to t}/* 
m length and 2 fi wide He developed it m a solution contai^ 
1 part of potassium phosphate, 0 6 of magnesium phosphate, 2 ot 
peptone, and 100 of glycerme m 2,000 of water, to which must be 
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added 20 parts of calcium carbonate, and be found about 8 per 
cent, of butyl alcohol m the fermented hquid Bac oitJidbutyhcMS^ 
Gnmbert, already described, also has the power of producing a 
considerable quantity of butyl alcohol, especially from glucose, 
when the nutritive hquid has an acid reaction, or when for any 
other reason the bacteria are m a feeble state In the same wav 
PerdPix's Bacille amylozyme yields this alcohol on fermentation 

Beijermck's genus, Ch anulobacie'^ , includes a senes of bacteria 
producing butyl alcohol. We shall only attempt to describe a 
process used by him for the preparation of such species He mtro- 
duces coarsely ground meal of husked corn, in successive portions, 
mto boding water until the mass has the consistency of a thick 
paste. The last addition should not be subjected to a temperature 
of 100® for more than a few seconds After rapid cooling, it is 
placed m an mcubator at 36®-37® C The pure cultivation may be 
carried out in sweet- wort gelatme under anaerobic conditions. 
The predominant species form white non-liquefymg colomes, with 
Glostr%d%wrn forms and oval spores 

Duclaux desonbes a facultative anaerobe, Amylohacter butyhc'U6f 
obtamed by infectmg a potato mash with garden soil It exhibits 
the usual swollen sporogenous cells and the granulose reaction. 
It ferments starch, and produces butyl alcohol, butyric acid, and 
acetic acid A large amount of alcohol is readiily produced when 
calcium carbonate is used to neutralise the acid formed during 
the fermentation of starch The same alcohol is produced by 
fermentation of saccharose (which is not mverted), maltose, lactose, 
glycerine, manmte, and calcium carbonate 4 

Bacteria also occur which produce amyl alcohol (fusel oil) > 
to these belong Perdrix^s Bactlle amylozyme^ producing mmate 
quantities of this alcohol from potato starch A similar species 
was discovered by Pereire and Guignard, and H Prmgsheim iso- 
lated another from potatoes It is still an open question how far 
the amyl alcohol produced during an impure alcohol fermentation 
IS due entirely to the action of such bacteria Acoordmg to Ehrlich's 
experiments, fusel oil may be obtamed by the action of alcohol 
yeasts on two of the decomposition products of albumen ; leucin 
and isoleucm 

A group of bacteria of special practical importance are those 
which, besides alcohol, produce considerable amounts of acetone. 
Sohardinger, as early as 1905, described one of these species, Bacillns 
mace'tans The name indicates that, like organisms active in the 
retting process, they have a marked power of dissolving vegetable 
cell agglomerations The species referred to, which is a facultative 
anaerobe, developed m mashed potatoes, after sterilising one hour 
a day for three consecutive days m a stream of steam and subse- 
quently allowing to stand at 37® C , in mud mixed with retted 
flax It forms slender, very motile rods, which in the spore stage 
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lose motility , the oval spore is formed in the swollen end of the 
cell In sugar hroth the spore is destroyed only by three hours' 
boiling On dextrose-peptone gelatme it develops colomes resem- 
bling white dots, but on potato a shmy covermg One way in which 
acetone fermentation could be produced was by introducing a 
broth culture into mashed potato contaming CaCOg at 37° 0- 
Acetone and ethyl alcohol are formed in an approximate ratio of 
1 . 4. The most favourable reaction for the development is be- 
hoved by Euler to be =r 6 8 [Biohem Ze%t8c1ir , 128, 1922), 

Among several other species which also seem to be related to 
the group B amylohacter as established by Bredemann, may be 
mentioned B molanus acetomcus described by Br^audat, which 
likewise forms ethyl alcohol and acetone The species isolated 
by Eernbach and Northrop offer particular interest Eernbach 
discovered in 1910 one which yields acetcne and butyl alcohol m 
the ratio of 1 2 or 1 2 5 trom starchy foodstuffs, maize, potatoes, 
etc , when subjected to a special fermentation under strictly aseptic 
conditions The nutrient liquid is prepared from uncrushed maize 
in a dilution of 5 to 10 per cent , with an addition of sodium hy- 
. droxide. The fermentation is accompamed by the evolution of 
carbon dioxide and hydrogen*^ GiU suggests that the cultures 
which are to excite such fermentation should be previously grown ^ 
in a mash made from rice and oat-meal, and the mash being after- 
wards pasteurised, to destroy the vegetative cells and sow only the 
spores Under given conditions the addition of acetic acid or an 
acetate to the fermentmg liquid mcreases the acetone, while the 
addition of butyric acid mcreases the yield of butyl alcohol. 

A species found by Northrop, Ashe, and Senior, Bac aceto- 
ethifhcuSj resembles Bac macerans morphologically, and was likewise 
isolated from shced potato, sterilised for twenty minutes, and then 
placed in an meubator at the optimum temperature, 40°-43° 0. 
The colomes developed on glucose-agar plates are described as 
round with smooth surface, megiilar outlme, and regular or 
undulating edge The spores can stand boilmg at least 20 minutes. 
It IS a facultative anaerobic species, and m contrast with Sohar- 
dinger's baciUus it ferments Isevulose and galactose under anaerobic 
conditions, m presence of ammomum salts It ferments pentoses, 
hexoses, and starch Fermentation can bo best carried out when 
the media are adjusted to pjj = 8 to 9 The yields of acetone 
and ethyl alcohol obtamed amount to 8 to 9 per cent and 14 to 
20 per cent respectively The most suitable material on a com- 
mercial scale IS maize. The addition of peptone or yeast extract, 
with slight access of air, mcreases the yield of acetone, while dim- 
inishing the yield of alcohol The maximum for a complete fer- 
mentation was 8 of maize to 100 of water 

Good fermentations were obtamed by Paterson, Ered and 

During the last ten yeaib many thousands of tons of aoetone and ethyl alcohol havo 
lieen manutactured m England, France and Araonca by the Fembach process 
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Verhulst by the use of maize cobs (boded with sulphuric acid), 
neutrahsing with milk of lime, pressing, or washing out the sugar, 
adding peptone, di-sodium phosphate, and calcium carbonate to 
the sugar solution, and partly filling the flasks with purified char- 
coal To insure a good development of acetone and alcohol, it is 
important to mamtam an acid reaction of pjj 6 0 to 7 0 throughout 
the whole course of fermentation 

Fmally, among the different varieties of the amyldbactei group, 
Thaysen isolated a growth which was specially active m producing 
acetone and butyl ^cohol in the ratio of 1 2 from starch maltose 
and dextrose If sown m large quantity, it will also grow aerobically 
m a thick mash of maize or nee In the laboratory it was grown 
in a 6 per cent mash of maize flour, the fermentation being carried 
out in very tSill glass tubes Spores can be isolated by heatmg 
to 90"^ C for a quarter of an hour and employed for fresh mocula- 
tions The culture is renewed by spores kept m sterilised sand or 
earth and cultured at 37°-39° C some time before use Industrial 
large-scale fermentations with this variety were completed in the 
shortest time at a temperature of 39°-40° C As m all such cases, 
it is necessary to control carefully the acidity throughout the fer- 
mentation. 


6. Slime-forming Bacteria. 

Among the various species of slime-formmg bacteria there are 
several which are of peculiar interest in the fermentation mdustries, 
as they occur in wine, milk, beet jxuce, and fermentmg wort, causmg 
morbid changes By analogy, this slime formation, which usually 
consists of mucilaginous substances, may be regarded as a pheno- 
menon closely related to the commonly occurrmg zoogloea formation 
of certam bacteria. 

In his Etudes sur la bieie (Plate 1, Pig 4) Pasteur described 
bead-like chains of spherical organisms, which render wme, beer, 
and wort so viscous that they can be drawn out mto threads , 
this is caused by the formation of gum and manmte. 

Kramer has described Bacillus viscosus sacchaii^ which m a short 
time converts neutral or slightly alkalme cane-sugar solution into 
a tough mass of a mucilagmous nature He isolated a Bac viscostis 
vim (2 to 6 ILL long), which was cultivated in sterile wine, air being 
excluded Sound wines infected with this growth thickened m 
the course of six to eight weeks It grows best at 16°-18° 0 , and 
apparently cannot exist at such a comparatively low temperature 
as 30° C 

A manmte fermentation is sometimes associated with the forma- 
tion of slime m wme The motiqnless bacterium isolated by Gayon 
and Dubourg grows on the bottom as large zoogloea, and thrives only 
m saccharme solutions Por the * fat-ferment '' (ferment de la 
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gmisse) observed by Kayser and Manceau, see the chapter dealing 
with the diseases of wine (Lactic bacteria) 

Bacteria have been found in bread which produce a strong 
formation of shme, and in particolai* the potato bacilh appear 
to be active— ^.e, varieties of Bac mesentenc^is vulgatus {Bac 
parns mscosi), described by Kratschmer and Niemitowicz, and by 
Uffelmann, Thomann, Vogel, and others As a consequence of 
the action of these bacteria the bread can be drawn out into long 
thin glutinous strings They occur in rye meal and multiply m 
presence of moisture They develop m bread if the spores survive 
the baking temperature, and the bread is stored in a warm place 
According to Migula, Bac parns (Vogel) occurs in long slender 
rods (4 to 7 ju), forming chains, which have a rapid movement, and 
possess a polar cilium They form oval spores, which survive the 
action of a current of steam at 100° C for fifteen minutes (m a potato 
culture) On gelatme plates the colomes form flat hquefied de- 
pressions With a magnification of 70, it appears as a colony having 
a yellowish-brown nucleus coarsely granulated, and dehcate 
streamers in the gelatine On agar also the colonies form a nucleus 
with streamers The optimum is at 40°-42° C Kayser also found 
a mesentencus sj)ecies m slimy bread The most efficaceous pre- 
ventive of the growth of these disease-germs was found (as 
in similar cases) to be a sufficient lactic acidification of the bread 
In plant infusion {d%g%tahs leaves), Ritsert proved experimentally 
the presence of a Bact qummosum which brings about a mucilagmous 
formation of slime Its activity depends upon the sugar content 
of the liquid, and is greatly favoured by the presence of potassium 
and sodium acetate and yeast ash There is a rich formation of 
shme in 10 to 30 per cent nutrient cane-sugar solution, whereas 
none occurs in similar grape-sugar and milk-sugar solutions The 
species has a pronounced demand for oxygen, and the cells exhibit 
movement at certain stages It appears to occur both as rods and 
coccus forms, according to the composition and reaction of the 
substratum It hquefies alkalme gelatine In a stab-culture on 
agar it grows as a moist glistemng whitish deposit, which forms two 
zones, the inner wrinkled and the outer smooth Brautigam isolated 
a Micrococcus from an mfusion of digitalis leaves, which converted 
a nutrient sugar solution mto a complete jelly, and made apple 
juice viscous In a similar infusion Happ found a slime-fornung 
rod bacterium {Bact gummosus) 6 to 7 6 ju long, 0 6 to 2 /x wide It 
assumes spmdle shapes m old cultures, and is sometimes motile 
On neutral gelatine it forms colomes with streamers , the gelatme 
IS liquefied On potatoes it forms coccus-like involution forms 
Saccharose solution is absolutely necessary for the production of 
shme The optimum lies at 25°-30° C He also found a Mmo- 
COCC1CS gummosuSy which may bo distmguished from Brautigam's 
species by its fermentation products It forms yellowish colomes 
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on gelatine, but a colourless deposit on agar The optimum is at 
15^-20^^ 0 This species may produce shme m saccharose and 
maltose solution Schardinger has undertaken a detailed enquiry 
into the products formed by a slune bacterium, one species of which 
was isolated from impure drinking water It is a very short, 
motionless, non-sporogenous bacterium which forms on gelatme a 
tough slimy film consisting of cells linked in long chains On 
saccharose or grape-sugar gelatme it forms shmy and ropy 
colonies of a greyish-white appearance, which when removed leave 
a depression m the gelatme In broth it forms slimy flakes, especially 
on the surface, and it also makes nulk viscous In nutritive liquids 
containing saccharose, maltose, lactose, etc , it causes fermentation 
with evolution of hydrogen, and by fermentation of an 8 per cent 
saccharose solution, with morgamc salts and calcium carbonate 
to neutralise the acid, it forms lactic acid, acetic acid, ethyl alcohol, 
and succimc acid The optimum for slime formation is 20°-30° 0 
It does not liquefy gelatme According to Schardinger, the s]iecies 
IS related to Loffler^s Bac lactis j/itmtosi A chemical examination 
of the shme formed by mass cultures from saccharose solutions, 
oontaimng nutritive salts and calcium carbonate, shows that it 
chiefly consists of a carbohydrate which by oxidation with mtnc 
acid forms mucic acid, and by boding with hydrochloric acid pro- 
duces optically active sugar As a shme can also be formed by 
bacteria m the absence of sugar, it should probably be regarded 
as a product of the swollmg of bacterial membrane 

As an example of one of the species producing a vigorous forma- 
tion of slime m milk may be mentioned Bac lacUa viscoaus^ found 
in water, and described by Adametz It forms a short, feebly- 
motile rod with a thick refractive capsule Its average dimensions 
(m milk cultures) are 1*5 yu long and, I 26 ^ thick On glycerme- 
peptone-gelatme it forms whitish non-liquefymg oolomes with 
irregular jagged edges, which shows a bright opalescence in reflected 
light By inoculation m sterihsed milk, the milk becomes vxscid 
like honey m four to six weeks, and may bo drawn out mto long 
threads At the same time the fat globules of the imlk disappear. 
Lactose is only attacked to a very shght extent by this species, 
whereas casein is greatly modified Slime is also formed m nutritive 
liquids free from carbohydrates It la believed to be a zoogloea 
formation 

The Coccus lacUs viacosvs described by Gruber, which exerts 
a strongly slime-formmg action on milk, generally occurs in tetrads 
and sarema-hke groups , grows best when air has no access On 
gelatme it forms under the surface small whitish, irregularly- 
shaped colomes, over which the gelatine is quickly liquefied On 
mooulation m milk, the reaction at 32°-34° 0 is first slightly 
alkahne, later acid , casern is thrown down and gradually pep- 
tonised , at room temperature tho casern is not precipitated 
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but in every case the milk soon acquires a slimy consistency, Trt 
broth the growth is very feeble In milk warmed up to 80° 0 the 
coccus was killed in two minutes 

Other related species have been described by Duclauit, Leich- 
mann, Sohmidt-Miihlheim, Loffler {Bac lad. pituitosi, motionless 
rods which quickly divide into cocous-hke cells, and on gelatme 
give white colomes with sharp or shghtly dented edges), Weigmann 
(the coccus of “ lange Wei ” with nitrogenous shme), Emmerling, 
etc 

Emmerling has proved that Bad ladis aerogenen forms a muci- 
lage in lactose solutions possessmg the properties of galactan, for 
by oxidation it may be transformed into mucic acid 

A species which apparently cannot be identified with any of 
the foregoing is described by Thom and Thaysen under the name 
of M%cirococcus mucofaciens It occurs as cocci, diplococci, and 
tetrads, frequently flattened on one side, diameter 0 8 to 1-6/4, 
non-motil Grows freely when air has free access Optunum cf 
growth about 33° 0 On gelatme light-yeUow colomes, which 
liquefy it very slowly, and cause ropmess , so also on agar In 
broth this species forms a white sediment , but the liquid does 
not become ropy Inoculated m milk at 22° and 35°, by rapid 
degrees the whole hquid becomes very ropy In milk at 60° it is 
killed in thirty mmutes In a 1 per cent lime-milk it is destroyed 
in the same time 

In beer also shme-formmg bacteria occur Thus H Schroder 
(1885) found a IJicrococcw m “ropy ” Berhn “ Weissbier,” which 
was afterwards cultivated in a pure state by P Lmdner, who 
named it Pediococcus viscosiis The disease could be produced by- 
adding pure cultures to sterihsed “ Weissbier ” wort On the 
other hand, this organism had no action on hopped • beer-wort 
or low-fermentation beers By the addition of tartaric acid the 
beer becomes normal Schonfeld distingmshed many species m 
long “ Weissbier,” and, in particular, found two typical kinds 
(P major and minor) Tlie optimum for the formation of slimo 
lies between 20° and 26° C These species form a considerable 
amount of acid, and impart to the beer a pleasant, acid-wine bouq^uet. 
In presence of larger quantities of alcohol the beer does not easily 
turn viscid, and the lactic acid present protects such beer from the 
disease 

These organisms grow well, according to Schonfeld, in am- 
moniacal yeast decoction He proved that such species occur m 
horse urine 

A Pediococcus species was also detected by Schonfeld in lager- 
beor, which was acidified and rendered markedly slimy 

Zeidler (1890) isolated from lager-beer a slune-forming bacterium^ 
microscopically resembling B aceti It forms m beor a slimy, 
stratified sediment, which on being poured out looks like the white 
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of an. egg On wort-gelatine it forms round, yellowish colomes with 
1‘athor smooth edges , it liq[uefies this, but not broth-gelatine In 
wort and beer it produces an abundant quantity of acetic acid 
In wort fermented by a mixture of this bacterium with pure yeast, 
no slimo-forniation occurred, not even after storage When the 
latter was infected after primary fermentation, a slimy deposit 
appeared in the bottles stopped up with cotton-wool and allowed 
to stand at 3° EeSaumer, whereas those which had been corked up 
did not exhibit any slune-formation At 16° and 24° E , on the 
contrary, the beer in aU cases became excessively sluny 

Ju ropy Belgian beer, Van Laer found the cause of this disease 
to bo small and very thin, sporogenois rods (1*6 to 2 4/i long), 
which wero partly isolated and partly umted in pairs by means 
of a zoogla?a-liko substance When added to beer-wort, this first 
becomes turbid, and afterwards ropy Shlk also turns slimy, and 
its liiotoao ferments On boef-broth gelatme these rods give oon- 
eavo colonies with concentric rings of different colours , streak 
cultures give broad, white bands, with a smuous border , stab- 
oulturos give a white stripe soon extendmg to the bottom of the 
glass , tlio gelatme forms fissures which become filled witb the 
growth, while at the same time a speck is formed on the surface. 
Bxporimonts oaxriod out with pure cultures of this bacterium in 
beer- wort have shown that one and the same form mcludes many 
variotioH, which have a somewhat different action on wort They 
ivro all included under the name Bactllus vtscosus (I and II ) If 
storilisod wort is infootod with this bacterium, and alcohohe yeast 
added after the laxiso of some hours, the hquid becomes viscous 
If the wort is infootod with a mixture of absolutely pure yeast and 
baotoria, tho disease will develop in a varying degree, according 
to tho proportion of bacteria H, however, these are only added 
after tho completion of the primary fermentation, the disease will 
not appear at all. The greater the proportion of mtrogenous matter 
in tho liquid, tho sooner it will become viscous , even hquids which 
do not contain sugar can be made ropy by these species When 
tho nutritive liquid contams much sugar, the fungus develops 
very foebly, and in pure sugar solutions the phenomenon does not 
•occur. A high content of acid greatly restricts the development of 
those bacteria. 

Van Laer has since isolated a Bf/c vtscosus brvoieU&nsis which 
])roducos, in addition to shme, a peculiar disease called " bi^re k 
(louTblo faoo " It occurs in “ spontaneously ” fermented Belgian 
beors. Lambic, Faro, and Mars, and can be recognised by the fact 
that tho beer looks clear m transmitted hght, and milky m reflected 
light. It forms a long rod making a white tough film on heer- 
wort, which grows down into the hqmd Subsequently the slime 
disappears, and the rods are then surrounded by a slimy envelope. 
On wort gelatine large, round, shmy, transparent colonies are 
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iormed, with a yoUow centre and with many zones The species 
restricts the activity of alcohol yeasts, and beer attacked by it 
is consequently poor in alcohol, and richer in extract than sound 
beer It forms lactic, acetic, and butyric acids 

Kayser isolated from ropy beer a bactenum which appears 
as cocc^, Avplococci, and tetrads, size about 1 7 /i, forming whitish- 
yellow colomes on solid media Optimum temperature 26°-28° C 
It IB a facultative anaerobe and grows readily on beer wort, yeast- 
water, sugared peptonised broth, and beer, all these hquids becoming 
ropy Besides the common sugars, it also attacks galactose, ara- 
bmose, dextrin, and mamute Secretes maltase Supports up to 
6 per cent of alcohol, and forms slime even m hquids contammg 
about 360 g of hops per hectohtre Like several shme-fornung 
bacteria, it forms lactic acid and volatile acids Tests with various 
additions to beer, sterilised at low temperature, proved that this 
bacterium gave the most abundant yield of acid when asparagm 
was added Compared with the other shme-formmg bacteria found 
in wine and cidor and studied by Kayser, this species is distinguished 
by yielding considerably less volatile acids from maltose, saccharose, 
glucose, and lievulose, in proportion to non-volatile acids , and it 
also differs by forming alcohol only from Isevulose, and not yielding 
mannitol from this sugar 

Vandam found in English beers an aerobic Bac viscosm 
([II ), which occurs as small rods, single or m chams, consistmg 
of two, three, or more links, with spore -formation m the centre 
of the rods This bacillus develops best at about 30° C , and 
produces a slimy mass in brewers' wort, which under the micro- 
scojic proves to consist of zoogloea formation After the lapse of 
some tune the liquid has the consistency of albumen No gas is 
evolved, but the liquid acquires a peculiar odour On meat-juice 
gelatine and on wort-goMine the growth develops freely The 
viscosity of tho liquid does not seem to depend on the quantity 
of mtrogenous matter present, but on the other hand, the bacillus 
grows feebly in tho absence of sugar. This species is mcapable of 
produoing (hsoase m beer unless it is thriving well, and is mtro- 
(luccd 111 largo quantities into tho wort before or durmg pitching 
Like tho form discovered by van Laer, it ferments milk-sugar , 
and, according to Vandam, it is easy to detect it m yeast, even m 
traces, simjily by mtroducing a samiilo of the latter mto nutritive 
liquid containing milk-sugar, a growth of this species soon making 
its appearance in tho upper part of the liquid 

Brown and Morns mention a Coccus form winch also seems 
to jwoduco ropinoss m English boor This species occurs as diplo- 
oocci and tetrads, and gives yeUow wax-like colonies on meat-jmee 
gelatine I’ho disease made its appearance m the beer after a 
lajiso of SIX to eight weeks, but it was not usually possible to pro- 
duce it by inoculation with pure cultures of the species m sterile 
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beer Close to the fermentation room there was a pork-butc 
premises, in which putrefymg matter had accumulated ; aftei 
had been removed and the soil dug and cleaned, the disease 
appeared 

Tellowes also examined several Enghsh beers afifected by 
^disease, and prepared pure cultures of the bacteria present, 
by moculation of the cultxmes m beer he did not succeed in 
parmg a beer containing these orgamsms and showing a vise 
corresponding to that of the sample from which they came. 

Heron undertook a thorough study of a slime-ferment v 
occurred m English beers, a very small coccus, which gradi 
elongates, and by contractmg m the middle assumes the form 
dumb-bell The two ends may also expand m a direction at ] 
angles to the first growth, and assume a similar shape. At a 
stage the species takes on the form of rosaries (zoogloea) The 
attacked loses its acid simultaneously with the formation of n 
lage, and acquires an unpleasant taste This species can 
produce slime m presence of yeast Beer may be protected agi 
its action by mcrea^sing its acidity and adding more hops 
species origmates m malt dust, according to Heron 

The bacteria causing ropmess in beer examined by Baker 
others, are described m the chapter on acetic acid bacteria. 

The so-called frog-spawn fungus Leuconostoc (Streptocoi 
meserdenoides was mvestigated by Cienkowski and van Tieg 
and subsequently by Zopf and Liesenberg (Fig 27) Both 
European form and the variety found by Wmter m Java o 
spontaneously in beet-juice and m the molasses of the sugar faci 
and m molasses distilleries, in which they form large shmy m^ 
{"‘frog-spawn"') and multiply vigorously The fungus fc 
chains of cocci, alternate pairs of which are always more clc 
umted In contrast to the observations of earlier workers, 
thought that certam of these cocci enclosed spores, Zopf fo 
that they present no differences morphologically or physiologies 
spore-formation could m no case be proved Consequently, 
analogy formerly assumed to exist between this fungus and 
algae genus Nostoc (implied m the name Leuconostoc) faUs throug 

Under certam conditions the cells are surrounded by a str 
gelatmous sheath with a sharp outline (£&, Be, 0), which m m 
of the above consists of a mucilagmous carbohydrate, dext\ 
This formation only takes place in the presence of cane and grt 
sugar, and not m solutions of milk-sugar, maltose, or dext 
Under the latter conditions, and m potato coltures, the spo 
develop distmctive forms, m which the gelatmous sheath is d 
pletely absent {A, Ba) The formation of jelly is a phenomc 
depending also upon certam conditions of nutriment 

Leuconostoc ferments grape-sugar, cane-sugar (after previ 
Diversion), milk-sugar, maltose, and dextrm, with production 
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acid and gas. According to Owen it is only the unsheathed form 
that attacks sugar The acid proved to be lactic acid. Especially 
characteristic of this fungus is its power of resisting high tem- 
peratures, the younger growths possessing this power in a higher 
degree than older cultures It withstands gradual heating to 
86°-87° C for a few minutes The optimum temperature for de- 
velopment lies between 30° and 36° C , the maximum at 40°-43° 0 
It IS also remarkable that both the growth and the fermentative 
activity of the fungus are favourably affected by the presence of 
considerable quantities of calcium chloride 

The JUictococous dextramcua described by Bei]ermok is, according 
to Smit, merely a stage of development of the species just described. 



27 — LeitcoiWbloo mc^enieiioidei,^ CieiLkowski (after Zopf) — A, Cell duster of the 
shcathless vonety, taken fiom a potato cultivation , senes sho-wing the develop- 
inont of a culturo, grown in gelatine, fiee from sugai , Ba, sheathleas , Bb, the same 
after 24 hours' growth in a solution of molasses, sheaths already seen but not strongly 
developed , Be, after 48 hours' giowth m molasses, the sheaths stiongly devdoped 
and partly encased m each othei , C. a small gelatmous mass from which the cells 
have been expelled 

Pitoy, on the leaves of a Eucalyptus, discovered an apparently 
clistmot species, L dtssiliens, which in sugar solutions appears as 
a Streptococcus, forming a slimy matter and producing carbomc 
acid, but no alcohol. It attacks only directly fermentable sugar, 
and grows most readily m neutral or alkaline liquids 

Cohn’s A.8COCOCCUS (Micrococcus) BilVtotTii, the cells of which are 
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envoloped m a JsUy, under certain conditions of nourishment^ 
forms mucilagmous slime from sugar, according to Zopf The 
three following species may be classed along with the above — 
Glaser described a Bact geldtinosuiTh betce which produces slime in 
beet-juice and evolves gas It forms short motile rods, giving 
liquefying colomes on beet-]uice gelatme At its optimum of 
40°-45® G , it rapidly forms a gelatmous film on beet-juice , it 
does not, however, develop on molasses It inverts saccharose, 
and produces alcohol during fermentation Tho slime is of the same 
character as m Leuconostoc Clostridium gelctitiuosuiny described 
by Laxa and Schone, is found in sugar factories, and forms a slimc 
like that m Leuconostoc It appears as rods of varying length, 
which are motile in their earlier stages, and form spores in tho 
middle of the swollen cells The optimum is at 40° 0 The species, 
inverts saccharose, and thrives best with free access of am In soil^ 
where sugar-beet is cultivated it grows m great numbers Maassen 
has described a number of similar species under the general name 
of 8emiclo8t7 idium^ by which he wishes to express that the rods, 
especially when the quantity of oxygen is restricted, swell, at one 
end and in the middle, the ellipsoidal spores do not, however, 
develop in this swelling, but at the thin end of the cell ; the young 
rods are motile The optimum for vegetative growth is about 
46° 0 The spores are extraordinarily resistant,, both to boilmg 
and to antiseptics, and the organisms are widely distributed in 
the soil 

8 commune j isolated from filter press residues; forms a joUy 
only from saccharose, which is inverted by this species, and fer- 
mented with evolution of carbon dioxide It may be distinguished 
from Leuconostoc by the fact that the slime yields Isevuloso on 
hydrolysis, whilst Leuconostoc slime forms dextrose 

Cobb describes a gum disease on the sugar-cane, causing the 
production of a slimy yellowish mass m the vascular bundles of 
the stem, filled with bacteria of a single species, Bac vasculonm, 
which, according to Cobb, produces the mucilage In the gummy 
runnings of the sugar cane, a short rod with cilia always ocem’s, 
according to Smith, who named it Bac Sacchan The gum- 
mosis of turmps and sugar beets, recognisable by drops of gum 
appearing on the cross sections, which acquire a black coloui*, is 
accompamed by a strong development of bacteria These gradually 
multiply, and entirely alter the character of the mass Busse 
(experiments on the inoculation of pure cultures mto sound beets) 
proved that the short motile rod which forms shmy colomos both on 
gelatme and on shces of beet was the cause of the disoase. It 
inverts saccharose 

The Ginger-beer Plant has been examined both botamoally and 
biologically by Professor Marshall Ward If this ferment is intro- 
duced mto saccharme solutions containing ginger, it transforms. 
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them into an acid, effervescing beverage, ginger-beer When 
fresh, it forms solid, whjte, translucent lumps, of irregular shape, 
brittle like dried jelly, varymg m size from that of a pin^s head 
to that of a large plum It induces an alcoholic fermentation in 
the sugar solution, which at the same time becomes viscous* 
Marshall Ward isolated the numerous micro-organisms existing in 
these lumps, and described a series of yeast-fungi, bacteria, and 
moulds, and of these, two organisms proved to be essentially con- 
cerned m the fermentation of ginger-beer One is a SaccJia/iromyces 
(bottom yeast), belonging to the ellipsoidal group of this genus, 
and probably orjgmatmg from the ginger and brown sugar com- 
monly used , Ward named it Saccharomyces 'pyriformis It inverts 
cane-sugar, actively ferments the products, and forms a pasty 
white deposit at the bottom of the vessel It yields spores on 
gypsum blocks m 40 to 50 hours at 26° 0 , it also forms spores 
on gelatme In hopped wort it mduces a feeble fermentation, and 
forms a film on the surface containing many pear- and sausage- 
shaped cells 

The other essential orgamsm, which is alway present, is a 
Soiiizomycete, Bactenum vermiforme^ which, accordhng to Professor 
Ward, emanates from ginger, and is active in the lactic acid fer- 
mentation It IS a pecuharly vermiform orgamsm, enclosed in 
clear, swollen, gelatinous sheaths, and imprisoning the yeast cells 
in bram-like masses formed by its convolutions It is the swollen 
sheaths of this organism which constitute the jelly-like matrix 
of the plant It also appears without sheaths, and in a great 
variety of shapes The gelatmous sheaths are only developed 
when the saccharme liq[uid is acid, and free from oxygen 

A Mycodeima and a Bactenum aceti were also found 

Marshall Ward has proved experimentally that Saccharomyces 
'pyr^form^s and Bactenum veimiforme are the only two essential 
species m the ginger-beer fermentation, smee it was only by in- 
duemg a fermentation with these two species that he was able to 
produce an effect similar to that obtamed when the ordinary 
ginger-beer plant is employed But it is only when both species 
develop together in the liquid that they bring about this result, 
and his experiments mdicate that the relations between the yeast 
and the bacterium are those of true symbiosis, because the yeast 
ferments more vigorously m presence of the bactenum than it 
does alone* 

7. Bacteria with Inverting, Diastatic and Proteolytic Enzymes. 

We have already mentioned a number of bacteria that owe 
their importance in the fermentation industiry to enzymes* Some 
further examples are given m this section which possess other 
enzymes 
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Invertase is present in the following, amongst others — 

Bact [Proteus) mtlgans, one of the commonest patref active 
bacteria, forming short motile rods often grouped in rows, and 
also forming long filaments with spiral and spirulina forms 

The various strains grow under aerobic as well as anaerobic 
conditions, and thrive on widely different media, at high and low 
temperatures On gelatme they form grey translucent colonioH, 
which soon sink m the gelatine They occur commonly nr putrul 
flesh 

Bact fluoresceThs hquejaciens^ which occurs frequently m water, 
as well as in decomposing substances, and derives its name from 
a greenish fluorescent colour which it imparts to gelatmo 
gelatme is hquefied It forms straight and curved rods of medium 
size, consisting of two or more members 

Bact Megatherium^ found by de Bary on boiled cabbage loaves, 
is distinguished by its extraordinary size The rods may be 2‘6/x 
thick , they sub-divide mto short cells It forms whitish, liquefying 
colonies on gelatme 



I'lg 28 Bacillua auUilis — Cellfl mth cilia 
"wita spores , M, spores m swollen mother- 
on hay infusion 
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enzyme, which is destroyed at temperatures differing according 
to the species, but it is always more resistant during its action on 
saccharose than in a dissolved state , it is very sensitive to acids 
and alkalies, and especially to orgamo acids and potash 

Accordmg to Hansen, many species of bacteria of common 
occurrence m beer secrete mverting ferments Amongst these 
there is a group which exhibits an mverting action on a pure 
saccharose solution, but loses this property when yeast* water is 
added 

Wortmann in 1882 began some experiments on the diastatic 
action of bacteria, and used for this purpose drops of bacterial 
cultures from rotten beans or potatoes He proved that species 
were present which can brmg about the' same changes m starch 
paste and m soluble starch as the diastase of the higher plants. 
The bacteria only react on starch when no other available 
carbohydrate is present (e g , sugar or tartaric acid) Krabbe 

showed that the presence of peptone mcreased the formation 
of diastase Eermi proved that this enzyme 
was present in different Str&ptoth%x species, 
and found that the formation of diastase was 
prevented when the bacteria were cultivated 
on substrata free from* albunnnoids Pfeffor 
and Katz observed a rich formation of diastase 
m Bac Me,gaihenum, by the addition of sac- 
charose or maltose to the nutrient, the dia- 
statio activity was considerably reduced ^ „ ,, , 

Qarbowski observed the enzyme in his de- ® (after A Fischer) CUia 
tailed research on Bac luteua The reaction stammg x i,600 
IS brought out most strongly by moculating 
an morgamc nutritive hquid mixed with starch solution 

The ubiqmtous Hay bactlhiSj B sulUlis^^ deserves special 
notice It secretes diastase m presence of peptone, contains 
an oxydase which yields (i-fructose from manmte, and proteo- 
lytic enzymes, f The name includes, according to Kellermaim's 
and Fawcett's extensive work, a considerable number of species 
or varieties As shown m the illustration, it forms short rods 
(often linked to long chains) and long filaments The rods carry 
numerous flagella and are motile The spores are oval and germmate 
at right angles to the longitudmal axis Optimum of the growth 
about 30° 0 , of spore-formation and germination 35°-38° C They 
are aerobic organisms, but will grow under favourable nutritive 
conditions even if traces of oxygen are present On gelatme they 

♦ An abundant development of these organisms can be obtamed by heating a filtered 
hay infusion in a stream of steam, for about 16 minutes The hqu>d will then oontam 
chiefly spores of B auhUha and B, mesentericus 

•f The greatest proteolytic activity was found by Itano in a medium whose imtial 
reaction was Pn = 6 43 According to Swiatopelk-Zawadski, tlie proteolytic action 
of these baotena is purely peptomsmg 
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form, small -'whitish oolomes, which gradually sink in the 
gelatme The stab culture is characterised by a straight column, 
devoid of ramifications Cultures on potatoes exhibit a whitish- 
yellow coatmg,' which after some time becomes mealy Several 
species of this group seem to be active m plant diseases. Accord- 
ing to Adr. J. Brown, B. siibUlts will not grow m wort or beer 
of normal acidity. Bat N. van Laer found a similar species, 
which grows m beer and unhopped wort, havmg an injurious 
influence on the flavour and keeping properties of tho boor It 
appears to flourish under both aerobic and anaerobic conditions. 
The spores, frequently found on barley and malt, will withstand 
two hours' boili^ m unhopped wort , under other conditions they 
are even said to survive a five hours’ boding Lemoigno showed 
that certam species of the group play a prominent part in tho 
punfication of sewage 

Bac vvigar'is and Bac. pfodigiosus are amongst tho oiganisnis 
contaming proteolytic or peptonising enzymes. Tho latter, which 
belongs to the group of colour-forming bacteria (tho " Bleoding 
Host ”) forms very short motde rods m weakly aJkalmo substratum, 
but longer rods and filaments m weak tartaric solutions. To those 


belong the B. mesentertcus vulgatus descnbed m the chapter on 
slime-forming bacteria This specific name mcludes a group of 
so-called potato-iacterm, which develop when a potato that has 
been shced, but not washed, is placed m water at about 38" (5 
The baetena must therefore exist m the sod adhenng to the potatoes. 
An aerobic culture of such an organism forms on gelatmo, greyish, 
slightly fluted colomes, which soon sink m the gelatmo If grown 
on potato. It forms very pecuhar flutmgs, twisted and entangled 
somewhat like the cods of the mtestmes , eventually oovor- 
1^ the whole surface of the potato ■with a shmy coat Those 
Wtena appear as slender, motde rods, often hnked as filaments. 
Spores shgh'tly oval. Some species also secrete a starch-dis- 
solving enzyme, which is utilised on a large scale m the amylo- 
process (Boidin, EfEront), where both this and the proteolytic 
enzyme are employed m the treatment of the raw material The 
eim^e hquefies the starch and promptly converts amylo- and 
erythro-dextnns mto achroo - dextrins, but its sacchanfvimt 
power IS less than that of common diastase The enzyme is 
isolated by cidtivatmg the baetena on an alkahne, mtrogenous 
me^um devoid of starch, with abundant access of air. After 
w^h^, the enzyme is precipitated by alcohol and ammomum 
itf 7 “^^^‘'“^a.ted m vaciw (Oomga. ^end., Ac. d sc., 
16^ 1917.) These albommoid-digesting baetena play an important 
part m ^ture, m the degradation and saccesLJ of 

oigamo bodies. The anaerobic species appear to be speciallv 
aotave; for example, Hoc. which forms long moSe rodf 

with spore-formation at their swollen ends ' 
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The putrefactive baotena ooourrmg in water are apt to develop 
m beers containing a low percentage of extract, probably because 
of the low acidity of such beers The development of these germs 
may be arrested by acidifying the wort with lactic acid De- 
carbonating of the water, by treatment with lime-water in the cold, 
may also be of value, partly because the water is simultaneously 
purfed biologically. 


9 Sarcina. 

The name Sarana is given to spherical bacteria (Gocci), which 
are commonly non-motile, and divide in all three planes Under 
favourable conditions of growth, and especially in hquids, the 
cells formed by division may remam clumped together, caught 
in the slime secreted by the cells, and thus, more or less cubical 
groups are constituted, which sometimes bear a certam resemblance 
to corded bales of cotton On solid substrata, on the contrary, 
mdlny of these species break down rapidly into single cells, or 
remain grouped m clusters of two or four The harmful kmds 
occurring m beer, which belong to this group of baotena, are really 
only Imown with division m two planes, and commonly appear as 
diplo- and tetracocci, whilst larger clusters are composed of irregu- 
larly-massed cells Until somethmg defimte is known about them, 
the species must, therefore, be classed m the group which divides 
in two planes {Pedwcoccus, Micrococms^ and Mefr% 8 m)ped%a) It 
is clear, from a large amount of research, that these bactena display 
extraordinary variability, both morphologically and physiologically. 

The many species of Samna that have been described, give 
variously coloured colonies on gelatine White or greyish colonies 
are formed by 8 alukccea, isolated by Gruber from leaven, which 
liquefies gelatine , this is also the case with Li ndner's 8 Candida^ 
found in the water reservoir of a brewery. Yellow colonies are 
formed by the widely distributed 8 flava, which has been detected 
in leaven, beer, and elsewhere It forms both regular packets and 
irregular masses of cells. On gelatine, it gives small round colomes, 
which gradually liquefy the gelatine, and on hay infusion, it forms 
a film with a strong development of regular bundles. 8 , auranUaca 
forms on gelatine orange-yellow, hquefying colomes but develops 
typical sarema only in hay infusion and plant decoctions. It 
gives a dark, bluish-green colouration with sulphuric acid^ 8 . 
0086%, discovered by Adametz m cheese, forms pale yellow, lique- 
fying colomes with concentric rings and coagulates mUk, Adametz 
also found 8 * butyrico in cheese , it forms a yellowish-white colony 
on the surface of stab-cultures in potato-gelatine, but dark hquefying 
colomes in plate-cultures 8 lutea always forms regular packets, 
and gives, on gelatine, lemon-yeUow, non- (or only feebly) liquefying 
colonies Brown colonies on gelatine are given by 8 . actdiftcanSf 
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discovered by Adametz in cheese It develops a yeUow colony 
in stab-cultures on agar It precipitates casein from milk A 
dark brownish-yeUoTv colour is developed by 8 fusca, discovered 
by Gruber In flour Among varieties exhibiting a red growth, are 
8 Tvhra, giving ghsterang red colonies on the surface of gelatine, 
and slowly liquefying it The colouring matter is insoluble in 
alcohol 8 rosacea^ occurring in air and water, usually forms 
irregular masses of cells in malt extract, but develops typical 
sarcina m a hay decoction, which are enveloped in brownish slime. 
On a neutral malt-extract-gelatine, it forms a reddish deposit with 
a dry surface The colouring matter is Soluble in warm alcohol. 
8 maocmia, discovered by Lindner, which develops in a malt mash 
at 40° to 46° 0 , has cells of 3 to 4 ya diameter 

8 mohilis, isolated by Wolff from milk, is distinguished from 
each of the above by having motile cells It Shows the typical 
form both in liquids and on solid substrata, liquefies gelatine, 
and forms yellow colonies on whey gelatme and agar 

In the fermentation industry, sarcina-like organisms occur, in 
addition to those already mentioned in section 6, especially in low- 
fermentation lager beer, where they may develop durmg the 
secondary fermentation Pasteur described and depicted the 
diplococctis form , he noted that beer contaminated 
^3? 0 with such bacteria assumes a disagreeable flavour 
g ^ and odour At a later date, they were depicted by 

fo EC Hansen under the name Sarcina (Pig 30) He 

Fig 30— sarcma them lu many parts of the brewery plant. 

Baloke gave them the name Pediococcus cerevisioe. 
Other workers have since failed to isolate typical sarcma from 
diseased beer, and have only detected irregularly massed cells The 
name “ Sarcina disease ’’ is best retained, as definite conceptions 
are associated with it 

Lindner has descnbed a number of Sarcina species m pure 
culture, and, amongst them, one which occurs m diseased lager 
beer, which he named after Balcke, Pediococcus ceievism By 
moculating pure cultures it proved impossible to reproduce the 
unpleasant flavour and odour of the beer , only turbidity ensued 
[n later experiments, Lindner occasionally succeeded in repro- 
iucing the oharacteristio appearance in beer by introducing yeast, 
vhich had been inoculated with a Sarcina isolated from the diseased 
ceer On the other hand, A Petersen observed a case where a 
growth of these orgamsms had developed m beer without aftecting 
Jither its flavour or odour 

A Eeichard isolated from low-fermentation beer a Pediococcus 
urcinoeformis, which developed freely in sweet wort or sterile beer, 
)ut not In pasteurised beer This species developed best with 
muted access of air In fermentation tests turbidity or peculiar 
hanges of taste only ensued in a minority of oases, AEter many 
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experiments, lie arnved at the conclusion that these contrary 
results were due, partly to the condition of the various oulturea 
of the SaTO%na, partly to the manner in which the fermentation 
took place In quiet fermentation in a lager cask, the growth 
remained at the bottom and the bacteria did not exert any appreci- 
able influence on the liquid, whereas, in the case of a vigorous 
Secondary fermentation, they were carried up with the bubbles 
of carbon dioxide, after which the disease manifested itself Rousing 
the beer may, therefore, be injurious in such oases Addition of 
hops to lager beer exerts a retarding influence on these organisms, 
as on the majority of bacteria occurring in beer 

Two species have been described by N H Claussen, which 
were isolated after he had suppressed the growth of other organisms 
occurring in beer by a slight addition of acid ammomum fluoride. 
Beer cultures were allowed to develop in hopped wort and in 
pasteurised beer, and after inoculated in fresh beer, brought about 
the characteristic disease phenomena Both species grow in the 
usual nutritive hquids when either neutral or slightly acid, whereas 
a minute quantity of free alkah restricts their growth The most 
favourable temperature for growth is 23°-24'’ C Neither hquefies 
gelatine They grow in wort, both when oxygen is fully excluded 
and in presence of the normal atmosphere The one, P damnosvs, 
usually imparts an unpleasant odour and flavour to beer, but only 
forms a shght deposit in the hquid , the other, P. p&mioioaus, 
causes a turbidity in the liquid, in addition to deterioration of 
flavour and odour Schonfeld has isolated species from diseased 
beers with the help of sweet wort gelatine, and especially on dry- 
yeast gelatme He found species that are dangerous to large 
beer, imparting the Sarcina odour and objectionable flavour, os 
well as turbidity, only produce a comparatively nunute quantity 
of acid in sweet wort, and give a pecuhar odour* shghtly resembhng 
honey , for this reason he gave the group the common name of 
P odoris melUsimihs (he assumed that the group is identical with 
Claussen’s P pmmiosus) ' In contrast with this, a group of species 
exists which occur in lager beer and “Weissbier,” producing a 
large quantity of acid in sweet wort, and turbidity (according 
to Schonfeld), but not the pronounced /Sarema-odour In sweet 
wort they give a pleasant but sourish odour and flavour They 
are grouped together under the name P acedulefao%en$ Other 
varieties have been described by Schonfeld, giving a red colour 
to lager beer. By inoculating a pure culture of a species producing 
strong turbidity, into pasteurised beer, which is allowed to stand, 
he showed that in most cases, only a sedimentary growth developed, 
but if, on the contrary, carbon dioxide is passed through the beer, 
freely-swimming bacteria develop which produce turbidity This 
observation agrees with those made by Reichard m practice The 
slimo formation due to certain Sarema and formerly observed 
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only in wMte beer (Weissbxer) could also be produced by 
Scbonfeld in lager beer, by passing carbon dioxide through the 
beer previously seeded with cultures from wort 

In English top-fermentation beer Heron discovered a minute 
Ped%ococcus occurnng for the most part in pau^s It can be grown 
on neutral or shghtly acid but not on alkaline wort-gelatine, whore 
it forms colomes of a pecuhar yellowish-green lustre , on wort 
it forms a thin greasy film of a distmct blmsh appearance. In 
beer it forms a shght greyness some days after racking or bottling, 
which gradually developed to a thick cloudiness, malong the boor 
unsaleable It had no influence on the flavour or odour of the 


beer. It developed only m mild beers and m pale ales with a com- 
paratively small amount of hops, and further expenmonts proved 
that hops exercise a strong influence on its development, more 
particularly the amount of hops used m the copper. As sources 
of infection. Heron detected malt dust in one brewery, an effluent 
conveying spent yeast m another 

BVom a number of individual observations of the associabcd 


conditions, the following conclusions may be drawn — Species 
may be isolated from yeast and from lager beer, capable of develop- 
ment, which appear to be incapable of excitmg any disease what- 
soever in the latter Amongst true disease species, a given organism 
appears to be unable to produce the specific disease under all con- 
ditions, even when these are favourable for cell-reproduction In 
the hght of our present experience, it is reasonable to assume 
that this IS caused by the condition of the hquid at tho time when 
bacterial contamination took place Thus it has been assorted 
that wort showing deficient saccharification offers a favourable 
field for the deletenous activity of the organism 

Both typical Sarcim and Miarococci {Ped%ococo%) are widely 
distnbuted m nature, and may easily be reoogmsed by the use 
of the usual hquids and gelatmes Certam materials, such as 
horse urme and dmg, appear to be particularly noh in pronounced 
species Their presence can easily be veiled also in malt- 

the natural habitat of beer Swrcinas One reason is that such 
species cannot be distinguished from others that do not attack 
the hqnor by an ordinary nucro-h^ologioal analysis. Tho only 
acc^ted oonclusions are -(a) That all true bewr Sarcince that 
have been exMtly investagated, cannot thrive m alkaline substrata 
(anmomacal fluids or gelatine) , (6) that they form whitish masses 
in stee^ cultures, and on the surface of stab-cultures , (c) that they 
aS faoifltative anaerobes , (d) that specially favou^ 
able conations for development axe to be found in badly saccharified 
wort ^d, ^cording to Miskowsky, m malt eirtraot with a bi«rh 

tonS"- m S r? (especially albumoses and ^p- 

tones) , in such a hquid they may remain unaltered for a long 
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time 5 and (e) that, like many other bacteria, they appear to be 
checked by excess of hop constituents 

It follows, that it IS impossible to distinguish by any general 
test, whether ^arcma-like bactena in yeast or beer are able, to 
produce disease in beer To answer this question, we must proceed 
experimentally — a difficult and tedious investigation. It would, 
however, obviously be foohsh to neglect the usual test for SarciTia- 
like bactena in yeast and beer, for if observed, there is always 
the possibihty that dangerous species may be present It has 
been thoroughly established by expenence that, in the early stages 
of fermentation, even a feeble growth of Such bacteria may prove 
dangerous, and the present problem is to provide means whereby 
the analyst may detect traces of these orgamsms. Such a means 
is Claussen’s method for treatment of yeast with minute quantities 
of acid ammomum fluonde which checks the growth of the yeast 
cells, so that subsequent moculation m wort-gelatme will usually 
give a growth of Sarctna colomes The hquid adopted by Bettges 
and Heller may also be used , it consists of sweet wort completely 
fermented by the addition of yeast , starch is then added, and 
after cleanng, it is neutrahsed with ammonia, and diluted to an 
alcohol content of 4 per cent The hquid is inoculated with a sample 
and development observed in the sealed preparation It will be 
found that the bactena consist essentially of Sarcinca 

In the author’s laboratory, for many years past, an addition 
of neutral yeast water (preserved in flasks with an excess 
of calcium carbonate) is made to the sample taken at the 
end of the prmcipal fermentation After two days’ standing, 
the SarcincB present will have multiphed sufficiently to be easily 
reoogmsable under the microscope Until further research has 
shown whether the habitat of these germs hes inside or outside 
the plant, efforts must be directed, in practice, to discover their 
habitat withm the plant We must bear in mind the limits of our 
present knowledge, and we must not forget that direct observation 
of Sa/rc%na~Uke germs m the plant itself (for example m the vats) 
IS of greater consequence than the observation of numerous germs 
of similar microscopic appearance, by the help of plate-cultures, 
in the surrounding atmosphere or m the water supply By a 
properly orgamsed system of disinfection, and often without apph- 
oation of antiseptics, such growths may be entirely suppressed. 
The impression that the beer Sa/rcince described in this section 
cannot be fuUy excluded is entirely erroneous, an impression arising 
from the extreme difficulty in distmgmsbjug between certam 
orgamsms of this numerous group occurring in air and the true 
disease species 

Research on bright wmes m the author’s laboratory have 
frequently brought to light vigorous growths of Sarcina, while 
the wine acquired a pecuhar odour, which resembles, to a 
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arkable extent, the odour and taste of beers in which they 

IT 

10 The Fermentation of Tobacco. 

during the fermentation which dried tobacco leaves undergo, 
erous orgamsms are present, and it was naturally assumed 
they play some part in the successive degradation of the 
material During fermentation the temperature gradually 
, and attempts are made in various ways to limit the tem- 
ture to about 60° 0. The effect of fermentation is that aromatic 
es are produced in the leaves, and part of the mcotine, according 
Jehrens, simultaneously disappears Suchsland was the first 
ivestigate the micro-organiSms present in fermenting tobacco, 
attempted to improve its quahty by moculating with pure 
ires of selected species of baoten^i. Nothing further has been 
ished regarding these species More recently, Behrens, Vern- 
Konmg, and others have described some of the vast number 
Decies that are present, and Konmg found, by parallel expen- 
bs, that moculation with certam pure cultures selected from 
entmg tobacco, partly aerobic, but chiefly facultative anaerobic, 
used a favourable influence on the aroma and flavour of the 
oco In the same way the after-fermentation, which takes 
3 when the leaves are packed together, appears to be due to 
SLction of micro-organisms The contrary view has been ex- 
led by 0 Loew, who attaches no importance to mioro-orgamsms 
le fermentation, but seeks the active causes in the oxidising 
mes, which he proved to exist m the leaves. H Jensen, as 
as Splendore, found that leaves which had been heated in a 
mt of steam (90°-100° 0 ) showed every sign of a good fer- 
;ation, and that this was not prevented by treatment of the 
•s with mercuric chloride, formol, and chloroform, which would 
.inly appear to confirm Loew’s conclusion, Behrens bases 
direct observations his behef that imcro-organisms do in- 
ce the course of the fermentation , a view, the correctness 
Inch IS rendered more probable, by Schloesing’s results on the 
3ntation of snuff tobacco Experiments undertaken in the 
ir’s laboratory with parallel fermentations of both American 
\fncan tobacco, led to the conclusion, especially when faculta- 
anaerobes were employed, that certam species do play a part 
termirnng both the aroma and flavour of tobacco 

11 Iron and Sulphur Bacteria Nitrifying Bacteria. 

he baotena described m this section are of particular mterest, 
ise they possess the property of oxidising morgamc sub- 
es 

i the microscopical examination of water, we often meet with 
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characteristic forms of Cienothnx Kuhniana (Fig 31), or spring 
pest, desonbed by Cohn and Zopf. 

The organism occurs m all water containing orgamc matter, 
and sometimes multiplies to such an extent as to render the 
water unfit for use. Thus, according to Zopf, senous calamities 
have been caused by this fungus, m the water supphes of Berhn, 
LiUe and certam Russian cities In consequence of its power of 



JB^g 31 — OrenoiJmJt Kiihmana (after Zopf). — ti-e (000 1), Coooi in different stages of 

division, / (600 1), sznaU, round cocci -zooglosa , 0 (natural size), zoogloaa, n 

(600 : 1), colony of short filaments composed of rod-like cells, derived from the 
germmation of a small collection of ooooi , i-r, filaments, partly straight, partly 
spirally curved (Z, m), of very varymg thickness, with more or less pronounced 
contrast between base and apex, and difierent stage^i of division of their members 
and sheaths , the sheathed foment r shows short rods at the base, which further 
up are divided into small oylindnoal joints , at the apex the cocci are seen ansmg 
from the longitudmal divisions of the oylmdnoal discs 
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storing iron compounds within its walls, it forms red or brown 
flakes in water Its various forms are very beautiful , it occurs 
as motionless cocci or gonidxa (a-/), which by division and formation 
of VISCOUS matter form zoogloea {g) , these cocci frequently grow 
to articulated filaments, which are provided with distinct sheaths 
(^j , they then increase in thickness towards their free end, 

and, when they reach a certain age, divide within the sheath into 
smaller fractions, which become round and issue either as rods, 
macro- or micrococci 

L&ptothnx ochracea is a widely distnbuted iron bacterium with 
colourless cylindrical cells, connected in threads and surrounded 
by a sheath, which is at first thin and colourless, hut afterwards, 
by accretion of hydrated oxide of iron, assumes a yellow or brown 
colour Oval and motionless gonidia develop in the threads The 
empty sheaths may form large yellowish-brown deposits in water 
containing iron 

Ohdothnx {SjihceroUlus) dichotoma is also of frequent occurrence. 
Its ceUs are surrounded by a similar thin sheath. By djsplacomont 
of single rods m a filament, false branching takes place. The rods 
are finally set free, and are then provided with cilia, with which 
they swim about until they settle down and expand into now 
threads. 

Iron bactena are commonly found in water containing soluble 
basic ferrous carbonate. According to Winogradsky tins salt is 
oxidised by the bactena and feme oxide is deposited on the 
sheath The great deposits of iron ochre found m nature noiay 
probably be partially accounted for by the activity of such bacteria. 
According to Molisoh and others, they can also assimilate con- 
siderable quantities of manganese 

Sid^phur bactena ocourrmg m water, many of which produce a 
red colouring matter, have been described by Cohn, Warming, 
Engler, and especially Winogradsky Under the microscope they 
are distinguished by the roundish bodies they contain, strongly 
refractive to light, and consisting of pure sulphur. They are 
aerobic, and occur especially m waters containing sulphuretted 
hydrogen This substance is oxidised by the bacteria, and the 
sulphur spht off is stored m the cells. Among the thread-like 
species, Beggiatoa alba may be mentioned It occurs in oylin- 
drical filaments without sheaths, which have a crawling motion, 
rotate round their longer ams, and swing from either end. They 
may expand to a great length. The threads divide by means of 
cross sections, and if no sulphuretted hydrogen is present they 
break up into si^e pieces, and gradually die off. 

A vital function is performed m nature by bactena which convert 
ammomac^ salts into mtrates, they are highly important for 
the nutr^on of plants Sohloesing and Muntz first described 
them; their observations were confirmed by Wmogradsky, who 
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made use of pure cultures. Among these mtnfying bacteria, as 
they are term^, there are some which oxidise ammoma mto mtrous 
acid (mtrifying orgamsms), which is converted by other species 
mto mtrio acid (oxidismg organisms). As stated in an earlier 
section, these bactena possess the power of hving without any 
orgamc food^ m laboratory culture experiments they are grown 
m solutions of moigamc compounds They form cocci and short 
rods, aerobic, motile, or non-motile , they can grow m the dark, 
although they assimilate carbon dioxide from the air Again, 
saltpetre may be attacked by the demtrifying bactena, which 
are capable of decomposing sali^etre m presence of orgamc matter 
with evolution of free mtrogen The mtnfymg bactena also cause 
the efflorescence of nitre from walls, which o^en brings about the 
decay of bnckwork, snow-like masses of calcium mtrate bemg 
detached This evil can be remedied by means of antiseptics 
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MOULDS. 


Ceetaht moulds as weU as bactena are of mdustnal importance, and 
have found application m the form of properly selected pure cultures . 
On the other hand, a large number of species are known that pro- 
duce objectionable diseases m the different branches of the fer- 
mentation mdustry. They select as their habitat the vessels, 
tools, green malt, and quiescent masses of yeast, especially top- 
fennentation yeast, A close exammation of mould growths, taken 
from the ceiling or walls of a fermenting room or from the lip 
of a vessel, soon shows that they scarcely ever consist of an unmixod 
growth of moulds Amongst the mycelia, bactena and yeast-like 
cells can almost always be found. The hyphas of the mould plant 
project outwards, carryi^ foreign germs with them, and those, 
m them exposed situation, are easily swept off cither by air 
currents or by workmen. All kmds of micro-oiganisms occur on 
the raw material during the malting process If moulds are usually 
considered to be the worst enemies, it is due to the fact that they 
are visible to the naked eye, and so attract special attention If 
we judge by numbers, bactena must certainly take the first place, 
for they are always present m great numbers on green malt It may 
even be oonsideied doubtful whether the greatest infiuence on the 
product IS due to the moulds {jPtinwiMvu/nfi, AspcT^tllus, etc.), when 
these are met with in a state of vigorous development on malt, 
or whether it is not far more probable that the numerous organisms 
accompanying them play the most important r61e It is doubtful 
whether the so-eaUed “ mouldy ” smell of beer is caused by moulds. 
Observations m^e in the author’s laboratory pomt rather to the 
action of bacteria In distillenes and yeast factories, on the other 
hand, moulds have been known to appear even during fermentation. 
Growths of Oid/iunif DcTncttiv/m, etc , are, for example, found on 
the surface of the yeast layer m the vat, and the yeaSt-like colls 
which are produced by these fungi (and by Mycoderma), which 
bear a striing resemblance to true yeaSt cells, can frequently 
be obse^ed multiplymg m the upper yeast layer. They may be 
skimmed off along with the yeast, and thus the author has often 
found a fine white deposit on the surface of pressed yeast, which 
mort frequently consists of a mould mycehum, generally belontjine 
to the genera i^ed above. It is qmte possible that when these 
plants form a dense layer on the surface of the yeast-mass, they 
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retain by respiration, a portion of the free oxygen ^wfach fs 4©ffs5ar¥ 
to enable the quiescent yeast to remain ahve As sl^own by HemP 
berg and Schnell, various Oidium species attack piert (pressed) 
yeast and kill the cells , they break down the membrane^d degrade 
the albummoids to free ammoma 

All our experience suggests that a growth of mould nearly 
always mdicates that other organisms of a more mjunous and 
more active character are developing It is, therefore, of great 
importance that the walls of the fermentmg rooms should be 
smooth , this is effected with the greatest certamty by employing 
the enamel paint now so popular. 

The moulds are of real significance m the dairy industry The 
experience of recent years has shown that amongst the great 
diversity of forms which make their appearance in this mdustry, 
some of which are of the nature of unbidden guests, many con- 
tribute in no small measure to the improvement of the quahty 
of cheese if proper means are adopted 

Amongst other useful orgamsms may be mentioned Aspergilhis 
oryzce from Japan, which, on account of its powerful diastatic 
enzyme, iS used for the manufacture of sugar from starch ; Amylo- 
mycea, introduced from Indochina, and employed m European 
distilleries , C%tromyce$ and Aspergillus mger^ used m the pre- 
paration of citnc acid from grape-sugar 

The moulds, many of which represent stages in the life history 
of higher fungi, occur as vigorous growths easily visible to the 
naked eye Each species has a characteristic appearance, which 
IS duo, not only to its structure, but also to the colour which it 
affects at some particular stage in its development, varying m shade 
from the purest white to the deepest of colours 

The individual ceUs of which the body of the mould plant is 
built up, consist of a cell-wall or membrane, together with the 
ceU-oontents, which consist essentially of protoplasm, vacuoles, 
and vanous contents, of which the most important is the cell- 
• nucleus The membrane is composed of a substance known as 
fungus-ceUuloso, differing, as a nde, in its chemical reaction from 
the cellulose of higher plants. Both inner and outer surfaces are 
subject to gradual thickening, and with increasing age become 
impregnated with deposits of colounng matter, and mcrusted with 
crystals, especially of calcium oxalate. 

The protoplasm (or Cytoplasm) consists of a homogeneous 
viscid substance packed with mmute granules. This constituent 
of the cell detemunes the growth, and a part of it forms a thm 
layer limng the inner surface of the cell-wall The protoplasm m 
lining cells is m constant motion ; in certain cases (e g , the young 
sporangiophores of species of Mucor), the motion is sufficiently 
active to permit of its observation through the microscope In 
very young coUs the protoplasm occupies the entire cell space 

i 

s 

J 



160 


MIOEO-OBGAISTSMS FERMENT ATION. 


Later on vacuoles appear, and at the same time different kinds of 
corpuscles, amongst which the “ crystalloids ” may be cited, con- 
sisting of albummoid substances, which may perhaps be regarded 
as products of secretion There are also the widely distributed 
fatty oils and fats, which are especially abundant in the reproductive 
organs and the restmg cells A very important part of the proto- 
plasmic contents is the nucleus, a small spherical body, which, by 
addition of a suitable stain, becomes very prominent, and under 
the microscope, may frequently be seen to mclude an inner and 
more highly coloured portion, which is called a nucleolus. By 
special methods of staimng, it has been shown that the nuclei 
are capable of division and of fusion, processes , which are directly 
connected with different stages of development which the vege- 
tative and reproductive oigans of the fungus pass through Much 
work on this subject has been done by Moreau {Muconim and other 
ThallopJiytes) We shall return to this Subject when we come to 
a description of yeasts The cells form the mycehum of the fungus 
This IS composed of branched or unbranched filaments (Hypha.^), 
usually provided With transverse walls, the region of growth being 
always at the apex Outgrowths may arise from older cells which 
expand to form lateral branches Transverse cell-walls are usually 
absent m the mycehum of fungi belonging to the Mucor species. 
Thus the whole of the vegetative portion of the mycehum of those 
fungi, with its mtnoate network of branches, consists of a suiglo 
cell Amongst members of this genus a second form is known 
Under special conditions, the submerged portion of the niycchmu 
may divide mto separate cells, which spht off, become rotund, 
and give rise to protuberances which go through the same cycle 
of growth. This is the so-called spherical yeast, which grows in 
the same way as true yeast The same variation has been found 
to occur m many other moulds * there exist, moreover, forms 
exhibiting every intermediate stage down to those in which the 
mycelium is almost entirely suppressed, and the budding forms 
predominate 

Many moulds form pecuhar restmg-organs ; the walls arc 
thickened and the myceha closely packed together, surrounded 
by a dark, sometimes felted pseudo-cortex, formed by the outer 
hyphee In this way small hard bodies, Imown as Sclerotm, arc 
formed These are packed with stores of reserve foodstuff, and 
may retam then vitahty for a lengthy period, thus ensuring the 
maintenance of the species durmg .conditions unfavourable to 
growth 

Passmg on to the manner of reproduction of the moulds, wo 
are brought face to face with the remarkable fact that those 
organisms, although occupying so lowly a position in the vogotcblo 
ki ng dom, possess m many cases, not one, but several entirely 
different methods of reproduction. Every stage of complexity 


MOULDS 


161 


may be met with, from the simplest forms of reproductive organs 
to the most highly developed In 0%dmm lactis, reproduction is 
effected without the aid of any specialised organs The filaments 
of mycehum divide simply by means of transverse walls mto short 
cyhndncal pieces, so that the whole plant is finally transformed 
into numerous “ oidia,” each one capable of giving nse to a new 
individual 

The reproductive bodies are termed spores. Of these, the 
simplest kind are the conidia, which are formed by constnotion 
from one or more of the mycelial hyphse, termed the comdiophores. 
This constnction may take place m two ways In the first, a new 
growth develops under the oomdium first formed at the end of the 
thread, the new piece swells out to form a new comdium, and so 
development contmues, successive spores bemg produced basi- 
petally — i e , towards the base of the filament This is the method 
of spore-formation m Pemcilliyipi In the second case, the spore 
first formed at the end of the thread expands at its upper end, 
and IS constncted to form a new comdium , the development 
proceeding in tins way from the base of the thread upwards 
(baaifugal) The conidia may, however, also develop spores later- 
ally , a development similar to the budding of yeast cells This 
has been observed in Gladosporvim The conidiophore may be 
branched, or may assume a stiU more complex structure, as in 
Pemcilhum, where numerous and mmute oomdia are linked m 
long chains, each at the tip of an individual branch The forma- 
tion of oomdia is usually arrested by acidifying the nutntiye 
medium An altogethei different kmd of spore-formation is that 
which results in the production of zygospores, such as are met 
with m Miicor, and described later in detail The remarkable 
feature of this kind of spore-formation is that it is brought about 
by fusmg together two cells, between which there appears to exist 
a defimte distinction of sex In contrast to these, we find other 
spores produced in the vnt&nor of certam cells Here, agam, Mucor 
serves as an example, where each mycehum carries a- sporangium, 
in the interior of which a large number of oval or angular spores 
are formed roimd a column (columella) , hberated by rupture of 
the waU 

Quite a diiferent variety of mtemal spore is met with m such 
genera as Aspergillus Here a small, defimte number of spores are 
produced in a tubulai cell (ascus) In many fungi, a large number 
of those spore tubes may occur combmed to form fruit-like clusters, 

as m Aspeigillus • •. j v 

The formation of fructification corpuscles was observed hy 
Bezssonoil in Pemcittmm glaucum and several special of Asper- 
gillus, when cultivated on media oontaimng high percentages of 
cane-sugar (e g., 42 to 48 per cent , dissolved m an aqueous solution 
of CaOla, MgSO,, NH^HaPO*, KNOj, and PeOls, with or without 
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gelatine) When cultivated thus, the plasma of the colls oxlnbits 
a fine granular structure Bezssonoff asserts that, by lus procedure, 
the development of the sexual plasma is brought about or assisted. 

When npe, the spore is capable of germinatmg An example 
of the development of a Pemctllmm comdium is given in Fig SS 
The mmute sphenoal cell first absorbs water and its volumo soon 
sweDs to many times the origmal size The cell-wall then com- 
mences to bulge at a given pomt , the outgrowth gradually length- 
ening into a thread-hke process, winch is soon dolimitiHl from 
the mother cell by a transverse wall The growth of the filament 
contmues, branches shoot out, and now transveme walls are fovnied 
Wheie the spore possesses a stout outei coat, as iii the zygosfioiv. 
of Mvwr (Fig 35), it is ruptured by the prcs.suro oxcrttHl by the 
contiguous inner coat which grows out to form the goriniiial hypha 

The spores of fungi ore more resistant than the inyciUnm, 
E 0 Hansen has shown, for instance, that the spores of a speeu's 
of PmtciUium were capable of germination after having been 
kept dry for twenty-one years According to the same antlioi*, 
a crop of AspeigiUus glawvs was obtained from dnod spores aftt'r 
the lapse of sixteen yeais The spores of many species can ondiu'o 
very high temperatures, especially m the dry state 'riius dry 
Pemcilhwm spores withstood a temperature of 120° (J , Init wheii 
damp they were killed at 100° C The remarkable power of r« sist 
ance to high temperatures, which range far beyond that at which 
albumen coagulates, has been explained by assunung that the 
albumen present m the spores is so highly concentrated that the 
small quantity of water present is insufficient to bung about coagu- 
lation The spores also show an exf^aordmary power of msistanco 
to low temperatures 


The moulds differ to a marked degree in tlioir sensibility to 
poisoiw Botrytis, for instance, is killed by a solution of formalde- 
hyde four times weaker than that which destroys Pemcilhum; a 
fungus po^essmg extraordmary power of resistance to many 
poisons Thus it will withstand a solution of mercuric ohJorido 
Sixteen tames stronger than that which kills Bobrytvi. BolryliH, 
on the other hand, can withstand a solutaon of a toxic si Ivor salt 
four tames as strong as that which kills Pmmlkum. 

ooi ^ J species desenbed in the following pages, have bwn 
selected, partly on account of thou- morphological structure (ro- 
f development), and partly because of their 
occTOenoe m the fermentation industry , they belong to different 
sections of the system of “ higher fungi ” ^ 

classified as Oomyceles (to which belongs 
potato-disease. Perormpora or iS- 
p^j^a). Zygomycetes (to which Mucor belongs), Ascomveeiee dn- 
^ding Penmlhum), and BasiAiomycetea (mcluding the mushrooms) 
There are in addition a large number of fingi wffifh are^nirWn 
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to US in their comdial form, such as Oidiuw, Demcdium^ Momha, 
and Cladosporium, which, it is assumed, represent a stage in the 
hf e-history of some of the higher fungi, as has indeed been defimtely 
proved in certain cases These are Imown as '' fung% im/perfech” 
a title which is not intended to be a reflection on the fungi, but 
solely to define our lack of knowledge respectmg them 

The general features of the nutritive physiology of fungi wiU 
now be dealt vnth. The several species make very vaned demands 
on the chemical constitution of the substratum Some are able 
to absorb certain of the chemical elements as such, but the majonty 
assimilate them in the form of orgamc or inorgamc compounds 
A large number of fungi are saprophytic, hving on decaying sub- 
stances , others adopt a parasitic mode of life, and denve their 
nourishment from the bodies of hving orgamsms In deahng with 
nutntion, we distmguish between the process of assimilation, the 
conversion of the absorbed food substance into body substance, 
and that of dissimilation, the vaned phenomena of decomposition 
and degradation due to the vital activity of the orgamsm In 
this respect the most important of the vital functions is that of 
respiration The two processes are intimately related to each other 
During respiration, a large number of different nutiitiva substances 
are transformed and, m common with all other forms of hfe, the 
final products are carbon dioxide and water Amongst the products 
formed in presence of insufficient oxygen for complete combustion, 
mention may be made of oxahe acid, which is of remarkably wide 
occurrence in fungi In addition to the usual respiration of oxygen, 
a further kind of oxidation in absence of oxygen may take place, 
to which the term intramolecular respiration or respiration by 
dissociation has been given 

The following facts may be of interest m regard to the elements 
of special value for the nutntion of fungi — Potassium appears 
to be essential to the growth of moulds, and particularly to the 
formation of theix reproductive organs Withm certain limits this 
element forms a useful food for yeast, and is behoved to play a 
part in the nutntion of bacteria Magnesium, amongst the alkahne 
earths, is necessary for the generahty of moulds, as weU as for 
yeasts and many baotena The formation of colounng matter in 
many bacteria has been shown to depend on the presence of mag- 
nesium in the nutnent fluid It may further be assumed that 
many fungi roquue Calcium m order to attain perfect development 
Iron appears to be required by moulds either as a food or as a 
stimulant, and, especially m the form of the sulphate, it reacts 
favourably on the propagation of yeasts We may assume that 
Sidplmr IS an essential element, smee aU albuminous substances 
contain sulphur ; it is usually added to nutritive solutions in the 
form of sulphate Many fungi, however, seem to be capable of 
developing in nutritive solutions to which no addition of sulphur 
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has been made Snlphur plays a very important part in ib<' »K'ia- 
bobsm of the sulphur bantena Phosphorus is assimilatod by' 
in a v^anefcy of compounds, and is, without doubt, a 
constituent of their food The fluorescence exhibited by niauy 
baetena depends upon its presence As is wcU known, Nitnujvu 
is of the greatest importance as a foodstuff for fungi, and in UNsiiiii- 
lated by them m very varied forma It is assumed that notin' fmigi 
are capable of absorbing and fixing nitrogen la its fr(‘o Htiiic , 
others obtam their mtrogen m the form of inorganic compounds 
(ammonium salts, mtntea, mtrates), including si»cci<\s wliiidi cim 
only absorb mtrogen from morgamc substtuiccs '’I’lii* most 
ubiquitous group of fungi, however, arc dependent on orgunic' 
compounds oontaimng mtrogen, such ew aimde-s, jieiitoncM, nll)U 
moses, etc The first two groups must obviously have iwronn to 


a supply of carbon, and this is often the case witli the ttin'd ^^foup, 
for in many cases the mtrogen bound up in the organic! Hubstnni’i' 
can only attain its full value as a food in conjunctiou with other 
sourcea of carbon Both elements, however, usually occur to 
gather m the same chemical substance, and it is morc'ovi*))’ in) jx >.ss)!>l(‘ 
to draw a sharp distmotion between any of the gj'oiijw dc‘Hcj’il)cd. 
In regard to the relative food value of the Hubslajices tJicmwcIvi's, 
it may be noted that, on the whole, the amraomimi Sails coinsl iliilc 
a better source of mtrogen than the nitrates 

When mtrates and mtntes are used, they nmst pn*vioinsJ>’ ho 
reduced to ammomum salts, which cbrocily soi'vc' to hiiilcl up 
albuminoids AlbummoKis and peptones have* to go through a 
proteolysis before they can be utilised as I^-sourecs. Concerning 
the apphcatioa of ammes, amides, and, moiv particular! v, nmnw*- 
aci^ (the best N-sources), authontios disagm*, some* of ihont 
hol^ that they am utihsed direct, while others are of opinion 
tba^bey must fiist be decomposed into ammonium Hal1,s 

The grea^t diversity exists as to the sources from wliicb flu* 
^1 may obtam their cardan Sugar, tartaiuo, acetic, oxalu* and 

vSe^f them Jn those, as in otlu'r casc.s, ilu> 

Mtntive matter varies according to the otlmr «*on 
ditioM of nounshment. The amount of adration is an iniuortant 
comderation, smee oxygen faoihtatos the absorption of CcrtHin 

ShST'^emneSCeft® ''o«<'rictiv<.ly 

The nature of tl^ nii-rn ’ Ji^ay react in either dirt'otioil, 

™ a -™TAr,'r." 

up orgamc acids in the DresenpA^nf^^^+ ‘dso (jiUo 
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the nutntive value of alcohol for fungi, Pfeffer remarks {Physiologie, 
1881) that dilute alcohol is a fairly good foodstufi for them It 
appears from the experiments made by Duclaux, Lmossier and 
Roux, Maz6 and Perner, Herzog and Polotzky, Schulz, Wehmer, 
Lindner, and others that those moulds and yeasts which need 
relatively large supplies of oxygen assimilate and oxidise alcohol 
of suitable concentration The fungi, however, vary greatly in this 
respect. Some of them (such as Mucot racemoaus and M. javamcus, 
according to Wehmer) prove to be unable to decompose alcohol, 
or to tlmve on alcoholic nuneral solutions, whereas other moulds 
(e g , Pemcilhum glaucvm), and yeasts, develop readily m dilute 
alcoholic nuneral solutions It is, however, the carbohydrates 
which, as IS well known, form the pnncipal and most important 
foodstuffs. We shall return to these m the subsequent chapter 
on yeasts 

Speaking generally, one may assert that constructive activity 
predominates durmg the nutrition of green plants, whilst destructive 
activity predominates in the case of moulds , the enzymes which 
are of such general occurrence are the special destructive factors 

It mky be remarked that certam substances, which are not 
necessarily incorporated by the fungi, are nevertheless of importance 
to them The influence which those exert on the metabohsm and 
growth of fungi suggests the term “ chemical stimuli.” The 
presence of water and oxvgen, for instance, is essential in bnngmg 
about the germination of spores, but it frequently happens that 
germination can only take place if oortam substances are also 
present m solution Klebs showed that the spores of Aspergillus 
tepens will not germinate either m pure water or m inorgamc 
nutrient solutions, or even on peptone, unless some inorgamc 
salt, such as saltpetre, is added, but that, m a 0-6 per cent, solution 
of grape-sugar, germination does take place Light also acts as 
a stimulant m certain oases, whilst m others it may have a retarding 
effect It has been ascertamed that mmute doses of certam poisons 
have the effect of stimulatmg the growth of fungi, and of acceler- 
atmg fermentative phenomena, an action which may, perhaps, be 
asonbed to physiological reaction on the part of the orgamsms 
coneomed Thus a small quantity of zinc sulphate (0 002 per 
cent.) added to a solution of sugar and inorganic salts has the 
effect of makmg the growth of AspergiLlus niger twice as strong as 
under ordmary conditions. Copper sulphate has a oorrespondmg 
action under certam conditions In the case of yeasts, the addi- 
tion of the merest trace of substances such as mercuric chlonde 
(1 . 600,000), iodine, potassium iodide, chromic or salicylic acids 
has a very beneficial action on the fermentation. Lactic acid 
bacteria, grown in milk free from casein, are also stimulated by 
the addition of mmute quantities of mercuric chloride 

The mterestmg observation has been made that products 
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formed by tbe metabolism of the fungi have a stimulating action 
on their growth, provided that certain conditions arc observed, 

and the supply of nutnent substances IS niaintamed 

These Sservations naturally lead to a consideration of the 
question of external influences, and their action on fungi in 

^^T^essential condition of growth of aU organisms is the presence 
of water m such quantity as to create and maintain m th<‘ eel s 
a condition of torgescence— i e , a hydrostatic pressure within t he 
cell which keeps the protoplasmic luung in direct ooutaet with the 
cell-wall They reqmre, however, only a minute (puintity ol ''‘itiu* 
during the resting stage — i e , in the state of spores, uml ire 
quently these organs can withstand complete dehydration. It 
has already been mentioned that yeasts can bo jn’esiu'vi'd in a 
dry state for a very long tune, and spores of some of tlio intmhlH 
for several years The concentration of tlie food, which ih dopt^iKUMil 
on the amount of water present, plays an impoz*iai)t ]>tvrt lu tlio 
development of individual species 

It IS well known that temperature is also an imjiortaiit factor. 

-Growth IS only possible above a certain minitnuin toniporatiin^, 
and it IS accelerated with a nsmg temperature until at a certain 
optimum the organism attains its greatest activity. J^roni tins 
pomt on, if the temperature is still allowed to riHO, tlio growth 
becomes less and less pronounced, and, finally, at a certain maxi in uni 
temperature, ceases altogether. Different speciOH exhibit viny 
vaned behaviour in regard to these three ontical jioints, as is sliowu 
by the following examples — 

A number of yeast species have tlioir mminuini at 0 0" 
optimum at 28^-30° C., and maximum at 34°-4()® (\, whilst the 
corresponding figures are for — 


TtniciUium qlaxicumf 
JBac suU'lis, 

Acetic bactena. 


Minimum 

8°C 


Optimum 
a5no27'' 0 
approx 30® Cl 
18®to3)®C‘ 


50“ i\ 
30“ 


The limits of temperature may, moreover, vaiy m J'ognrd to 
the different organa of one and the same spociOH (instances aro 
found amongst the yeasts), and finally the results obtained in 
coimeotion with any one particular species wdl vary according to 
the nature of the food supply. 

In general, it may he remarked that orgamsms can withstand 
temperatures below the nuniTnum without permanent injury. 
Thus, according to espenments by Schumacher, yeast cooled 
down to — 113° C was not killed Macfadyen subjected baoteria 
by gradual cooling to —172°, and even to — 190“ (!., for a 
period of twenty hours, and mould spores to - 210° (' witjiout 
k ilh n g them. On the other hand, a slight moreaso in temjioraturo 
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above the maximum is often fatal. It is only spores of bacteria, 
particularly when dry, that are resistant to high temperatures. 
Many spores may, under these conditions, be heated for a short 
time to 140° C without injury 

It IS an interesting fact that some species of baotena capable of 
thriving at a temperature of 0° C exist, and others, as stated, 
develop best at 50° C , or even 70° 0 

Light is of vital importance for the fungi, although not to the 
same degree as is the case with green plants The injurious effect 
which light has on the growth of bacteria, for instance, is now widely 
recognised, and it has been ascertained that for fungi in general 
both the nature of the nutritive medium and the temperature 
have a regulatmg effect on the action of light. From the physio- 
logical standpoint, the most active rays of light are the blue, violet, 
and ultra-violet rays 

The natural purification of nvers is generally accepted to be 
due to the germicidal effect of light 

Kny found that subdued bght has no influence on yeast Loh- 
mann, who used the mtensive light of an arc lamp, but experimented 
at low temperatures, arrived at the same result He found that 
light has a retarding influence on the multiplication of yeast cells 
at 18° 0 and above, and that these were killed by prolonged ex- 
posure to direct sunlight, whilst diffused daylight delayed the process 
of budding 

Many moulds can endure sunlight without injury, but mtense 
fllummation frequently restricts the longitudinal growth of the 
mycelial threads. Some species produce only mycelia in the dark, 
the reproductive organs requmng light for their development. 

A number of experiments have been undertaken to test the 
effect of electricity on fermentation organisms Results have 
shown that the electric current has no influence, if care is taken 
to prevent the heat developed by the current from influencing the 
bacteria Whatever sigmficance the electnc current may be said 
to possess, such, for instance, as the preservation of fermented 
hquids, must be ascribed to the chemical effect of the current. 
By the treatment of water the number of germmable colls has been 
considerably reduced The action of ozone on water has already 
been referred to 

It is a well-known fact that fungi arc highly resistant to the 
influence of pressure. Bacteria, for instance, are found m the 
ocean at such a depth that they must be exposed to a pressure 
exceeding 100 atmospheres According to Melsens, yeast cells 
can withstand a pressure of 8,000 atmospheres. Ohlopm and 
Tamman also found that baotena, as well as yeast and moulds, 
could endure a pressure of as much as 3,000 kilos, per square centi- 
metre. A rapid nse of pressure to this point, followed by instan- 
taneous release, produced only a slightly mjunous effect. The 
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fermentative activity was only retarded under long-continued 
pressure 

With regard to the influence of rest and of motion, it may i)o 
observed that the orgamsms of fermentation thiivc well botli in 
and upon quiescent substrata Yeast also, as is well known, not 
only withstands active motion m its culture medium, but res 2 )onds 
to it by a more active development The diiferent species of bacteria 
respond in varying degrees to violent shaking Thus cholera bacilli 
cannot withstand shaking, but no effect is ju’oducod ou typhus 
bacilli Buchner and Rapp showed that, whilst a slight motion 
has a beneflcial effect on the fermentative activity of yeast, violent 
mechamcal shaking has the effect of materially reducing this 
activity, the reduction being the more pronounced the iiooror the 
fermenting medium 

The action of antiseptics on fungi is intimately connocted witli 
the activity of the organism and with the temjiorattire Higli 
temperatures augment the mjurious effect of the reagent ^IMio 
degree of concentration of the substance is also of imi)ortanc/ 0 , for, 
as already mentioned, nnnute quantities exercise a stimulating 
effect In somewhat greater concentration the growth is retarded, 
whilst considerable quantities are fatal 

In aj)parent contradiction with the above stands the remark- 
able fact that m certam oases more concentrated solutions of antr- 
septics have a less effect on bactena than weak solutions , thus, 
a 3 5 per cent solution of cupnc chloride killed the spoil's of i/lio 
anthrax bacillus m a shorter time than that roquu’cd by a solution 
of four times the strength 

It is also known that different species exhibit a voiy varied 
resistance to the same substance, and to tJio sanio quantity of 
that substance Substances, moreover, which form suitable foods 
for some species are poisonous to others A great divci'sity of 
behaviour m regard to a particular poison is shown by one and (.ho 
same fungus m its various stages of development , bacteria ai'C 
more easily killed m the v^etative than in the spore ooiKbtion 
Some fungi can withstand a certam amount of poison without tJu^r 
growth being restricted, but under such conditions, or oven in the 
presence of a smaller quantity of antiseptic, they arc unabU^ to 
form reproductive organs The fungi possess the interesting 
power of adapting themselves to poisons when they are subjected 
to cumulative quantities An example has been mentioned in 
Chap. I. (hydrofluonc acid) 

The chemical constituents of fungi are of a most varied nature* 
Water is the only one occurring almost always m relatively large 
quantities , the amount m bactena representing about 80 per cent. 
C Mother of Vmagar forms an exception, and contains 98 per 
cent.) The yeast group contains from 40 to 80 per cent. The moulds 
and the vegetative parts of higher fungi contam from 80 to 90 per 
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cent , whilst in the resting and reproductive organs the percentage 
IS much lower 

In common with all organised bodies, the fundamental chemical 
constituents of fungi are the elements carbon, hydrogen, oxygen, 
and mtrogen. The relative amount of ash is found to vary enor- 
mously , the mycelia of Aspergillus and Pemcillium contain about 
6 per cent of ash The mineral substances which may be regarded 
as essential constituents of fungi are sulphur, phosphorus, cUorme, 
potassium, calcium, magnesium, non, manganese, and sodium 
Sulphur and phosphorus are of special importance, as they form 
necessary components of tho albuminoids Somo idea of the im- 
poii^ance of the phosphorus present may be gathered from the fact 
that PaOs may often amount to half the total quantity of ash 
Chlonne, which apparently plays an important part m the 
nutrition of fungi, and which may be concerned in brmgmg about 
the dissociation of the nutnent fluids, probably occurs in all fungi. 
Amongst the metals, potassium occurs in the largest proportion, 
whilst calcium and magnesium are present in smaller amounts 
The same is true of iron and manganese, which, although occurring 
m comparatively small quantities, are nevertheless of the highest 
importance to the orgamsm in the different phases of its life 
history Bertrand and Waterman showed that Aspeigillus niger^ 
for instance, does not form comdia m the absence of manganese 
{Compt rend j Ac d sc 154, ]932, Acad Wet Amsterdam^ 21, 
1913) 

Cellulose^ the carbohydrate which is of such general occurrence 
amongst the higher plants, is found also in the walls of fungoid 
cells, but the mucilagmous or viscous substances which often 
characterise the oeU- walls of the former occur comparatively seldom 
Yeast mucilage is, however, a well-known example of this Fore- 
most among the substances forming the contents of fungoid cells 
must be mentioned the proteins or albuminoids, which are in all 
probabihty the actual earners of the vital phenomena They 
possess in addition a practical significance , yeast, for example, 
which IS very nch m albummoids, may be used for tho preparation 
of nutritive media to take the place of meat-broth 

The nucleins may be regarded as constituting a special class 
of albuminoids They have a most important biological significance, 
owing to the fact that the nuclei, as micro-chemical investigations 
have shown, are mostly composed of nuclein substance By appli- 
cation of pepsm the aibuminoids in tho cell are dissolved, but the 
nuclein compounds remain unchanged 

Closely associated with the albuminoids, and, mdood, derived 
from them, are the enzymes, which doubtless occur in all forms 
of life They may m most cases be separated from the living 
cell, and can stiU produce their characteristic effects in aqueous 
solutions Bach enzyme has the property of bnnging about a 
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definite and particular form of oliemical change, and the pnicoHS 
IS further characterised by the fact that a small amount of onzymo 
IS able to decompose a relatively large quantity of orgamc sub- 
stance 

The result of the changes brought about by the action of tlio 
enzvme can be recorded in the form of a simple equation According 
to H Fischer, the enzymes may be classified as follows — 

I. Dissociating or splitting enzymes, by means of which a com- 
plex substance is split mto its component parts The action may 
be regarded as a form of hydrolysis, and is accompaniod liy tlio 
absorption of water The biological sigmficancc of those (mzynuss 
consists in enabhng the orgamsm to convert substancos wliicli 
would otherwise be useless mto simpler and soluble substances 
capable of diffusion 

The group mcludes — (1) Carbohydrate-sjilitting enzymes, such 
as mvertase, which converts saccharose into eciual moleiniles of 
dextrose and Isevulose maltase, converting maltose into two 
molecules of dextrose, and lactase, which conveits miik-sugar 
(lactose) into equal molecules of dextrose and galactose Tlu' 
sugars — ^saccharose, etc — can only be converted by fonnentatioii 
mto alcohol and carbomc acid after undergoing inversion.* 'I’lu‘ 
melibiase converts melibiose (a product of hydiolysis from rallinosi* 
= melitriose) mto one molecule of galactose and one of (U'xtrose. 
These enzymes are found m a laige number of yeasts and moulils, 
and also in a few bactena The diastases also belong to this group. 
They convert starch into doxtrm and maltose, and occur in fungi, 
such as Mucor and Aspergilhis. Cytaso acts on oellifiose, etc 

(2) The glucoside-sphtting enzymes, to whicli group eniulsni 
belongs, an enzyme discovered by Liebig and Wohler m IS.‘17. 
This enzyme changes amygdaJin, a glucosido occurring in Iiitter 
almonds, mto benzddehyde, hydrocyamo acid, and glucose 

(3) The fat-sphttmg enzymes (lipases), which decoin})ose fats 
mto glycerme and fatty acids 

(4) The albumen-sphtting or proteolytic enzymes (protoasos), 
mcluding pepsm, occurring in gastnc jmee, which convert albumi- 
noids mto albumoses and peptone ; trypsm, which brings about 
further changes, and, more m our domam, the endotiyjitaso of 
yeast 

n The enzymes m this class have quite a different action from 
the foregoing They mclude the oxydases, the effect of which is 
to split up molecular oxygen, and thus render it active 

Buchner and Meisenheimfer showed that oxydase occurs lu 
acetic acid bacteria, and also m yeast. 

in Reduciag-enzymes (catalases) These appear to occur in 
yeast and m oertam bactena 

stated ju the ohapter on Yeast, it uras observed by Willstatter that oertain yoiists. 
are aole to ferment maltose or lactose direct 
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IV A special group, the fermentation enzymes^ or zymases^ 
the ohemicaJ action of which is entirely different They bring 
about true fermentation, which has been defined by H. Fischer 
as an intro-molecular readjustment of oxygen, accompamed both 
by oxidation and reduction of the several carbon atoms, and an 
increase in the compounds of carbon and oxygen , the usual result 
of the process being the breakmg up of a smgle molecule mto 
several In addition to the true zymase (or alcoholase), this group 
mcludes the enzyme of lactic acid fermentation A further descrip- 
tion of those enzymes will be found m the chapter on alcoholic 
yeasts 

The activity of enzymes is influenced to a very considerable 
degree by temperature The optimum for zymase lies at about 
30°, for pepsin about 40°, and for the proteolytic enzymes (e g , 
barley malt), about 60° C 

The action of dilute acids and alkalies is also very vaned Thus, 
mmute quantities of free hydrochlonc acid normal acid) 

greatly increase the activity of invertase 

The action of enzymes is to a great extent analogous to that of 
warm acids (hydrolysis) 

The formation of the enzyme by the fungus is dependent to 
some extent on nutrition, as already stated m the chapter on 
bactena Aspergillus glaueus^ for instance, as Duclaux showed, 
when cultivated on a solution of calcium lactato and nutnent 
salts, secretes diastase, but no invertase On the other hand, 
on a solution of cane-sugar and nutnent salts, mvertase is produced, 
but no diastase nor any other enzyme that it is capable of pro- 
duemg Only by cultivating the fungus on milk is it capable of 
producing clottmg enzymes and" casease Similarly, it was dis- 
covered by Went that a species of Momha^ which normally contains 
a number of enzymes, could only form certain of them, such as 
trypsm and the clotting enzyme, when substances capable of being 
split up were present Fermi proved that several kinds of bacteria, 
when cultivated on media free from albumen, formed no albumen- 
splitting enzymes, and that Bacillus subtiUs only produced diastase 
when fed with some form of peptone 

In fungi, moreover, a number of poisonous substances occur 
— ^ptomaines, toxins, etc These are not to be regarded as produced 
exclusively by the higher fungi (toadstools, etc ), but occur also 
m the lower forms, such as rusts and smuts, which have caused 
symptoms of poisomng Reference may also be made to the 
extremely poisonous nature of Aspei gillus fuimgakis and A flavescens 

The carbohydrates which have been shown td occur m fungi 
include glucose and laevulose , manmte is very widely distributed, 
and glycogen, to which we shall return m the chapter on alcohol- 
producing yeasts, generally occurs as reserve substance. 

Fats and free fatty acids arc found as reserve substances, and 
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as secretions in. many lungi Pentc'dhvM and AspetffiUius', for 
example, have been shown to contain from 4 to 6 per cent, of tlu'so 
substances Yeast stores up fat along with glycogen, the fonnor 
constituting from 2 to 6 per cent of its weight or ('VC'H 
more under specific conditions Amongst organic acids, oxiilic acid 
IS widely distributed 

A whole series of colouring matters arc found in the cells of these 
plants The colouring matter present in so many of tho liacti'ria 
IS specially interesting, and has boen shown to play an uuiiorlant 
part m them vital economy Tho fatty colouring mat, tors or dyo' 
stuffs combmed with fatty acids (hpoclu’oiuca) are of froijuent 
occurrence Allusion may also bo matlo to tannins, resins, and 
ethereal oils. 

1 Botryiis cinerea {Schiotima Fiickehanu), 

Botrytis einerea forms small groyish-yollow [latclies on moist, 
hvmg or decaying vegetable matter, ancl may also occur on ivort. 
rVom the gi’eyish-brown mycelium tho comdiophores are tlirown np ; 
these are perpendicular, artioulatccl filamonts, generally arrangi'il in 
tufts They grow up to a height of 1 mm , after wlueh tho apical 
cell throws out near its point and almost at nghlr angles, Irom (wo 
to SIX small branches Tho lower hranoKos iwe tjio longer : at a 
short distance behmd thoir apices, those again give rise lo one or 
more short side branoJics The topmost hranclieH are almost us 
wide as they are long Thus a system of hranohos is formed shajied 
like a cluster of blossom or a bunch of grapes. WIu'U longd.udiiial 
growth IS at an end, the mtorior of tho branohes is separated from 
the mam stem by tho formation of a transvorso wall close to the 
latter. At the same time tho ends of tho braucUos and of tho main 
stem swell, and on tho upper half of each swelling several small 
papillae appear close together, tlicso (piickly iucn'iiso to oval 
blisters, ^ed with protoplasm, and grow narrow iviul stalk -like 
at their base When those oomdia aro completely devi'lopi'd, tho 
walls of the branohes carrying them shrivel up, and the conidia are 
consequently brought so closely togotlior that they form a loose, 
irregular accretion, which readily falls off. If those cliistw-s 
are placed m water, tho conidia detach thomselvos from l.hi'ir 
stalks, and the envelopes of tho brandies, devoid of protoplasm, 
shrivel up or are only to Ije found m traces ; thoir former place of 
attachment to the mam filament appears only as a slightly raised 
soar. The member immediately below can now displace tho sliri veiled 
grow upwards, and form a new cluster , this may bo repeated 
several times, whereby the comdiophores attain a ofnisidorahlo 
length According to the observations of Bmdflowoh, tho forma- 
tion of oomdia takes place only durmg the night. Kloin ancl Lincbior 
found that, m daylight, the more strongly refracted portion of the 
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spectrum, the blue-violet rays, hmdered the formation of comdia, 
whilst it IS encouraged by the red-yellow rays Under the constant 
influence of red-yellow light, and in total darkness, the production 
of comdia goes on both day and mght. Other workers arnved 
at different results Thus, Moreau used a Nemst lamp placed at a 
distance of about one and a half metres from the slit of the spectre- 



Fig 32 — Boirytia cinerea (after de Bary) — w, h (natural size), Soleioka, from whioh at 
a the oomdiophores, at 6 the apotheoia (fimis TVith asoi), are thromi out , c, C, 
oonidiopliores (0*, with comdia just npe), spnnging from the mycehum filament wi , 
0", end of a oomdiophoie with the oarhest formation of oomdia from the ends of 
the branches , h, germmatmg comdium ( X 300) , % 8 (slightly magmfied), section 
thiough a solorotium s, from which a very small apotheoium (p, p) is thrown up , 
71 , single abcuB, with eight npe spores ( X 300) 

scope, and a carrot culture of the fungus was exposed for some 
days to the action of the spectrum of this source of light Under 
these conditions conidia and a luxuriant mycehum were only formed 
by the action of the violet and blue rays, whereas the red, orange, 
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yellow, and green rays retarded the formation of niyooJitini and 
prevented the development of spores Under certain md.ritiv<^ 
conditions the comdia and ascospores develop short thrt'iuls, from 
which small, blight, round comdia are separated, eithoi dii’oclly 
or on bottle-shaped basidia Those comtba aie not eaiiabh* of 
germination If the myoehum has boon cultivatod for some tune 
on a sobd substratum which it is incapable of j)enetrutuig, short 
branches are formed, which by further and ro))oatcd l>miu*lung 
have the appearance of closely arranged tufts or tasst'Ilcd kiutls. 
They be in close contact with the sidistratuni, and form Uu* (*liiir 
actenstio organs of attachment. 

Under certam conditions this mould can assume a peculiar 
dormant state, the sclerotium (sklewfi — hard), 'riic hyplml thrmds 
branch out freely, and the branches intortwjno foimiiig a com- 
pact body of varying sha]jo, circular oi fusiform, and of varying 
size, the extreme ends of the filaments arc brown or black, aud 
the npe, sobd sclerotium thus consists of an outer black rind and 


an inner colourless tissue These bodies, which wc'ri' di'scribcsl 
by de Bary under the name of ScleroHnut Ftwheha/im, o(‘cur as small 
black bodies on the herbaceous parts of many plaiifs, where l luy 
bve as parasites or saprophytae They arc capable, ’after a long 
period of rest — blasting at least a year — of fonmug a lU'w growth. 
If the sclerotium is brought mto a motst place soon afU'i* it (‘ouu's 
to maturity, the mner colourless branches break througli the bhiek 
outer nnd and develop mto comdiojihoros If, liowevm*, l.lu' selero 
tium IS only brought mto a moist place after it has lieim at ri'sl, 
for some tune, a large tuft of filaments develops from (lie Uuu'r 
tissue, and these shoot up perpondioularly, and finally spread 
out to a flat, plat^shaped disc , the onds of the filaments are 
arranged m parallel rows on the free uiijioi’ surface of f,he disc • 
some of them remam thm, others swell u]) to olub-shap<-(l usei.’ 
and each of these asoi forms m its interior eight oval spores. 'I’lie 
moifld has now entered upon the stage in which tho formation of 

gorminato when they are sid 
tree, and the germ tubes grow into ooiu(lLOi)horoH 

In ramy seasons, when Botrytis attacks the unripe grapes 
the mycebum, penetratmg through tho ])nlp, destroys the stiiali 
^ount of sugar m the grapes, and, as it kills tho colls, a fresh 

S w oh^cked or rendered impossihlis 

™ ? * “ijuriously upon tho quality of the wine As 

^e ofiE, the very young grapes on such a olustor do not usuallv 
^ther away. In red grapes it aUacks 111^00 3 
matter and inverts it mto a compound insolublo in t « 
menti^ bquid. It has also been observed tlXrt i airt to 
viscosity in wme when it occurs m large quantity m tho must 
In „( g»d vmtngn the ir^Jioos 
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until just before the grapes are gathered, and then gives rise to a 
different set of conditions. According to MuUer-Thurgau's in- 
vestigations the myoeliam spreads principally through the skin 
of the grape, which becomes brown, leathery, and permeable to 
moisture Thus m dry weather part of the water evaporates, the 
juice becomes more concentrated, and the grapes wither The 
fungus does not penetrate far into the interior of the grape, but its 
growth affects both the acid and the sacchanne constituents of the 
juice, and the must obtained from such grapes appears relatively 
richer m sugar and poorer m acids than usual Under favourable 
climatic conditions, especially in a dry atmosphere, white grapes 
which have been attacked by this '' EdeHaule can thus produce 
a must weak m acid, and hence yields a wme of finer quality and 
of special bouquet, due to some extent to the action of the fungus 
This IS particularly the case with varieties of vme which yield hard 
grapes with a high sugar and acid content— e.gr , the Rieding vme 
A certam element of danger may, however, lurk in these attacks 
on the grapes, partly because Botryt%8 absorbs pait of their albumi- 
noids, rendering the must less nutritious for the yeast, so that the 
latter develops more slowly, and partly, as shown by de Bary 
and, later, by Behrens and MuUer-Thurgau, because the fungus 
secretes a poison which prevents the develoximent of the yeast 
Wmes of this description, therefore, mature slowly, and are 
exposed to the attacks of foreign orgamsms The fungus is 
invariably harmful to red and blue grapes, even if they are 
attacked when ripe 

Some species of Botrytis contain an enzyme which destroys 
cellulose 

It may be mentioned in conclusion that the leaves and stems 
of tobacco plants are subject to the attack of certam species of 
BotryhSf which brmg about decay. 

2 Pemcillium. ^ 

A large number of species belonging to the genus PemcilUum 
have been described m recent years Many of them, however, seem 
to be mere vaneties of far less numerous types A considerable 
number of the species have much the same shape as that described 
for P glaucum The most suitable culture medium is meat-pejitone- 
gelatme with sugar and glycerine, or neutralised Raulm's solution 
with gelatme. Woltje, as a specially adapted nutrient solution, 
recommends 1 g. of asparagme, 0*5 g. K2HPO4, 0 25 g. MgS04, 
and 7*6 g cane-sugar m 100 c c of water A charactenstic feature 
of these fungi, as of Aspergillus^ is that the colour and genoraU 
appearance of the growths vary accordmg to the culture medium. 

A classification of the different species has been made by Biourge, 
Lindau, Wehmer, Westhng, Sopp, and others. 
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A species which is widely distributed in the fc'niienl niton in 
dustnes, especially m green malt, is Pemcilltuiii nldiinint. 11. 
forms a felt-like mass on the HubBtratiim, at first wliile, tlien giisniisli 
or bluish-grey, and it spreads with great rapidity 'I'lie ni,\'('('liuni 
consists of transparent branched and divideil lilniiK'nfN, uliieli, 
when immersed in liquids, are liable to swell somewhat irri'giilaily 
Ikom these filaments the conidiophoms rise perpen<lieiiliirl.> . 'I’liey 
consist of elongated oylmdncal cells, the terininiil cell of whieli is 
soon arrested m its growth, and forms a thorn-liki' point , Ihe cell 
immediately below throws out one or more ojiposile lirnnehej , 
rising up close to tho terminal cell, eiudi eonsif-ling of a 
smgle-pomted cell In more vigorous mdividiials I hi* Iminelu-. 
may again raimfy, or simiJai" braiichcH may also spring Irom I ho 
next cells, and these also ramify and hoconu' poinled as dosmibod 
above In this tnft of branches eacli ])<)inte(l ci'll (sforigma) Itri'.ik.. 
up mto a senes of spherical oonklia, and finally Ihe fid'l oarrio*. 
a large number of comdia, arranged in serii'S, which, when ripi', 
are readily scattered Those round, smoof.h coiiidia gi\o to ihc 
patches of mould their groyish-blue colour, when they fall upon 
moist surfaces, they are able to germinate at once. Acoording fo 
Cramer, they are voiy resistant to higher tmiiiioral tiros, I’iuli-r 
certain conditions it may ]ia])i)oii that siworul (‘onidiophoro-. nidfo 
so as to form a ooluinii surmounti'd hy a round lioadod group of 
stengmas and ooiudia {(kmimmm). 

In culture oxjiorinicutK with this fungus, Itrofold nmdo fho 
mterostmg observation that Peinnlliiiiii may ooour iindor ooil.iin 
conditions with an entirely (lilforont form of growfli. He onolosed 
cultures of this mould on slices of eoarse, non'iU'idiliod bro.id, 
between gIa,sH plates, and allowed the culture to dovolop wlnl t' 
excluding air as far as posslliJe, Pairs of sliorl, thick Itnuiolio, 
grow out from the inyoolmm, which eoil round c<»ch other; 
one part of this spiral Llirows out short,, thick t.ulics, whih.l the 
hyphal thread canying the spiral develops munerou.s fine limnchoj', 
which envoloj) it and form a covenug consisting of a tlcnso iniu r 
and a felted outer layer; tho inner cells gradually turn v'cllow, 
and the) loose outer colls arc oast off. In this small 
ball a formation of swollou colls gradually (.akes (iliicc by the con 
tmued branching of tho spirals, and in i>ach of these now oidia 
eight large and ionticnlar spores are produced, which have a cironlnr 
furrow on tho margin, and three or four slight ridges on ihi' 
membrane (exosponum). After the oolla})Hc and alwerptioii of idl 
the remammg contents, tho sjioros are set free and the snudl yidlow 
ball IS then filled with the spore dust. I’lie cutii-i« dcvclomumil 
requires six to eight weeks '^fhe ascocai’iis may bo prescnual in n 
d^ state lor several yearn without losing their i>ewcrof gcrmiimt hm. 
When the spores are sown, tho oxoH])orjuiu bursts open lik(‘ ii shell 
at the circular furrow, and tho oudosjiorium swells, emotgos 
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and elongates itself to a germ tube, which quickly develops comdio- 
phores. As already noted m the introduction to this chapter^ 
these fructification corpuscles were found by Bezssonoff to form 
m cultures on highly concentrated media containing cane-sugar 
and nutntive salts. 

This fungus often causes dangerous diseases m wine It develops 
freely m casks which have not been carefully cleaned, penetrating 
into the wood, and produces (fecomposition products of 



Fig 33.— PemoiWtitm glaucum (after Brefeld and Zopf)— .4, Comdiopliore , B, organs 
ot generation , C, first development ot the solerotium (a, asons-forming hyphse , 
Btenle Aments) , D, very young solerotium m section (a, asous-fomung hyphse , 
&, steiile portion of the sclerotram , m, mycehum) j E and F, asous-fomung hyph» , 
(a) w.th young asci (s) and sterile myoeha (w) from a more developed 
solerotium ; 0, group of asoi with spores , H, spore , /, germmatmg spores , K, 
young mycehum (with spoie at a*) A-E (below), germmalaon of a oonidium, after 
Zopl (more highly magnified) , A, oonidium before geimination , P, it has thrown 
out a germ tube , C, thieo geim tubes have been formed , D, each germ tube shows 
a transverse septum towards the sporo (s) , Ef each germ tube has been divided 
by another septum (s') mto a termmal oeU (e) and an inner cell (&) 
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disagreeable smell and taste, which subseq[uently diffuse into the 
wine In moist seasons it forms a dense growth on grapes, 
attacks the sugar contents of the fruit, and brmgs about a peculiar 
decomposition The mycehum seems to penetrate not only into 
bruised but also mto sound grapes They gradually aequiro a 
yellowish-brown or greenish-yellow colour, and the fungus ])ro- 
duces those well-known decomposition products which cause the 
mouldy taste in wme The comdia of this fungus may exist for 
a long time m must or m wme, upon which the germinating 
mycehum exerts a deleterious effect 


According to Wortmann, Penicillium lias a particularly Iiannfu] 
effect on bottled wines It penetrates the corks, thus giving use 
to the corked flavour, and it may even grow nght tluoiigh the cork 
and develop m the wme, attacking some of its constituents and 
rendering it turbid 

The following species are of special importance for industrial 
purposes — 

P. PoquefotU, which impaats to Roquefoit choose ii.H jiaiiicular 
taste It bears some external resemblance to P. glaucum, Irom which 
it distinguishes itself by its comdia being twice as largo (4 to C u 
aga,inst 2-5 /x). The growth is dark-green, later dirty-brown aiul 
whitish-yellow below The comdia very quickly (under good con- 
ditions m 30 to 40 hours) form a now mycolium with comdia, and 
long retain their genninatmg power The growth is almost 
odourless. Whilst growing it decomposes free lactic acid, ooiivorts 
i^-tat into fatty acids, and peptonises casein, with formation 
of ammoma P Oamembert (P attium, candidmn), winch apt wars 
while Camembert cheese is npemng, and also in Brio ohooso com- 
prises different strains forming a white covering, afterwards' turn- 
Tf grey-green The npe oonidia are spUonoal, smooth, 

4 to 6-8^ diameter They form only on free surfaces. Dworak 
possess much the same chomioaJ properties 

J mycehum, ohangmg groen or light 

elliptical, and the stengmata exceptionally long. This snocios 

with present transverse stripes. It usually occurs on fruits 
ca^mg them to decay, hut it may also occur on a vaneW oS 

SoHn to affect lemons and similS 

exotic fruits, oausi^ their decay. It forms a greemsh-bluo ooverinir 

P. ;»<.“» fcTl 

* '*“'*“* Mlonr Md 

Most species of P&ntciUiwm, and esneciallv P j 

a number of different enzymes, one of which, a pr<£l^’emym^ 
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is present in all species hitlierto examined. P. glawum also possesses 
a ^astase which, according to Laborde, converts starch, into dextidn 
and dextrose In addition, they contain invertase, maltase, inulase, 
a clotting enzyme, a casein-splitting enzyme, etc , and a poisonous 
substance which has not been identified 

The genus Citiomyces demands special notice The thin- walled 
comdiophores are not usually ramified, they are without any 
swelling at the end or with a vescicular one, and have a terminal 
cluster of stengmata The oomdia are small and mostly globular. 
This fungus forms a covering of many colours on sour fruit ; also 
develops readily on concentrated solutions of orgamo acids (c , 
tartanc acid 25 per cent or a saturated solution of oxalic acid). 
A satisfactory medium is a decoction of white beans A number 
of species have been described by Wehmer, Maz6, Sopp, Biourge, 
and others A particular mterest attaches to the fact that several 
of these species (like Aspergillus mger) are employed for industria] 
purposes, such as the manufacture of oitnc acid, which is generated 
by them in the course of their growth, and can be isolated if 
neutralised by carbonate of lime as fast as it forms. CJitrio acid 
IS not formed direct from sugar, but through the medium of more 
complex compounds , the formation is closely connected with the 
metabolic changes takmg place in the cells, and does not begin until 
a considerable part of the mtrogenous matter has disappeared. 
The fermentation is an oxidation process , it goes on most actively 
with sufficient access of oxygen at a moderate temperature. 
The details of the chemical processes mvolved have not yet been 
cleared up. In competition with other micro-organisms the 
citromyces species are soon suppressed, even sbght contamination 
by yeast is apt to mterfere seriously with citnc fermentation. 

3. Aspergillus. 

The most commonly occurring species is Aspergillus glaucus, 
first fully described by de Bary. It forms a fine, greyish or 
greyish-green felt on various materials, and grows with great 
luxuriance on green malt. 

The mycehum consists, sis in the case of Pemcilhum^ of fine 
transparent and branched threads, provided with transverse septa. 
Some of the hyphal threads grow up perpendicularly, are thicker 
than the rest, and are rarely branched or divided by septa. The 
upper ends swell to sphencal, flask-shaped heads, and these throw 
out from their entire upper portion radially divergent papillae of*' 
an oblong form , the sterigmata then develop at their apex 
small round protuberances, which are attached to the sterigmata 
by much constneted bases, and a»fter some time break oflE to form 
independent cells (comdia). Below the ba^e of the first conidium 
a second begins to form from the crown of the stengma, and pushes 
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Fig, 34 — JCmuiLum 
gilliia glaucuA (do Bary) 
— 7n, w, Iiyiihal thtood, 
causing a oonuhophowi c 
(hom which the ooiudia 
liavofallou), apoi ithooimn 
F, and the tiral rucUinonls 
of an ttHoogonmm, / 
(X 100), % lluoe atoiig- 
mata Irom the orowi of 
a oonidiojiJioxo, Hhowing 
the oonidia-ooiiHtriotionfl ; 
p, goimniating oonidiuni 
(X 3/504(M)); J, Aaouk; 
f, gorjiimatuig asooHjioro ; 
k gonn tulx's; JS\ apirnl 
ahoogomuiuj ni p tht» 
coininonooiuoiit; of ih<k 
gi’owih of oiu* of tho 
envolopiug hyjiliio ; f, 
older Htngi'; ir, ukoo- 
gomum, ulw'udy Hur- 
rounded l)> the enveIo}>e ; 
r, longitudinal Hoition of 
an oldci Hinge y in the 
eonii'e (he uHi*ngotmtni» 
sUriounded hy tin* cnv<*- 
loix*, coimiHting of Hoveral 

%orB, X, longitudinal 
wootiou oi a later wtage 
of dovelojnuentf the an. 
oogonium ih envolrn)ed in 
a flhoath of many Jayern j 
it hoH louHoued Km oon- 
volutiouH, and Ih liegin- 
nmg to throw out the 
a8ous-.fornnug branoliefl ; 

A/, portion of an older 
aftouH-boaring branoh ,• a, 
a young ohour • nn 
older aHcus after buraUng, 


> 
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'lie first upwards , a third then forms, and so on Each steng- 
aaa thus cames a cham of conidia, the youngest of which lies 
closest to it This occurs simultaneously over the whole sur- 
ace of the enlaiged end of the comdiophore, which is thus 
inally covered with a thick head of radiaUy-arranged chains of 
'Omdia These masses form the greyish-green dust which covers 
lie mycelium 

FmaUy, the comclia separate, and then have a waity appearance 
►n their surface These small bodies can germinate as soon 
«s they are detached, and at once develop a new mould , uiion 
Ins fact depends the rapidity with which the plant spreads Under 
avourable conditions, the fungus develops ‘pe.nihecta They appear 
'■fc first as tender branches, which, at the termination of their 
:>iigitadmal growth, begm to twme their free ends in the form of 
‘ spiral of four to six turns , the threads of the spiral gradually 
pproach nearer together, until finally they come mto contact, so 
laat the whole end of the filament takes the form of a helix (the 
scogouium) Two or more small branches which cling closely 
o the spiral then grow from the lowest turn of the heUx. One of 
tiese qmckly outstnps the others m growth , its upper extremity 
caches the uppermost turn of the hehx, and fuses with it. The other 
ranch or branches likewise grow upwards along the spiral, shoot 
u.t mto now branches and gradually become so mterlaced that the 
piral 18 finally surrounded by an unbroken envelope. The 
ranches divide slowly into septa perpendicular to the surface, and 
ao envelope consequently consists of short', angular cells, m which 
©w septa appear parallel to the surface, so that the envelope thickens 
cid IS composed of many layers The small sphere now formed is 
bout 0-25 mm. m diameter; the outermost layer is first yellow, 
ad then brown , the inner layers remam soft, and are finally 
Lssolvod After a time the spiral extends and throws out on all 
dies branched filaments, which dislodge the mner layers of the 
xvelopo. These branches finally take the form of an asoua, eight 
>ores being formed in each After the breaking up of the asci the 
►ores lie loose in the interior of the penthecium, and aro hborated 
/■ the rupture of its fragilo wall The spores are bi-convex, and 
jiry a longitudinal furrow , they possess an opaque outer inem- 
•ane and an inner one, which on germination bursts tho outer 
©mbrano, formmg two valves This species thrives best at a 
mporature of about 26° C. Tho enzymes that are associated 
Lt>h AspergiUiLS glaucua are, vnter alia, diastase, mvertase, nialtase, 
Ld a proteolytic enzyme 

Another well-defined form is A. flawis, with a yellowish-green 
ycehum occurrmg frequently on bread, and also on dry exore- 
©nt. Its optimum temperature is 37° 0, and it is believed 

be pathogenic , its presence havmg been detected m the human 
X*. Its comdia are usually smooth. 
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A. fumtgatus occurs on very different substrata, and is al^‘<*' 
pathogenic both to man and beast It forms a greyish or groyiH^'" 
green vegetation, and has an optimum temporaturo of 40° 0 It 
produces mmute comdiophores with small sphencal conidia and 
brown penthecia. It contains the same enzymes as those occurring 
in A glawus It plays a part m the spontaneous ignition of diy 
vegetation, and may, according to Cohn, cause a rapid rise of toin- 
perature in green malt 

A particularly mteresting form of Aaperg%llus is A. [intent/ 
matooystis) mgei, which produces branched stengmata It is of 
very general occurrence and forms blackish-brown jiatclu's of 
comdiophores, together with sphencal, smooth, or waiiy conidia. 
It also produces yellowish solerotia (without spores) Its optnmim 
IS about 36° G * It grows well m an extract of oak galls, and in 
a tannic acid solution. It is of techmcal importance, as it is used in 
the preparation of galho acid from tannm. Aocordmg to Kernbacli 
and Pottevin, a special enzyme secreted by the fungus is active' 
m this process It is produced only on substances containing 
tanmo acid, and has its optimum at 67° 0, 

This species further possesses diastaso, invoiiasi', lualtasi*, 
proteol 3 H;io enzymes, mulase (according to Kiesol, the formation 
of the last enzyme is promoted by very weak acids), and otuulsiii 
(which according to Javilher consists ol two enzymes and lias H.s 
optimum^ about 66°-60° 0 ) Like many other fungi, it forms 
oxalic acid, which occurs as an intermediary iiroduct bofoi’e tlio 
TOmplete combustion of the sugar to carbon dioxide, as shown by 
Duclaux, who developed it on Baulinas solution I’his acid wn.s 
found by Wehmer to be sometimes absent during the growth of 
* X whereas it was mvanably formed in the process of 

met^ohsm when KNOa is the soimoe of mtrogon, the potasli set 
f^ being neutralised by the acid , whilst with Nff 4 (!l as tJie sonroo 
of mtrogen no oxahe acid can be found. 

Aocordmg to Elfv^, the formation of oxalic acid on jmro sugar 
solutions os impeded by certain ammomum salts as sources of 
mtrogen, such as ammomum chloride, sulphate, and nitrate On 

oxalic acid increases if certain ealeium 
CaCOa-are used As oxalic acid is an oxidation 
^Mnot, the presence of free oxygen is necosaaiy ; at low tcin- 

C ^ aocumulaton talj Se 

aoid is probably noi, 
f through tho domoJithm of 

nntaent Ii^d tormod whw) tli» 
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investigations by Blfving, wbo developed the mycelium in a suitable 
nutnent solution,* which after careful washing was replaced by 
a sugar solution (at 21° 0 ) , the fungus on addition of Ca(N03)® 
or CaCHg produces citno acid, the formation of ozahc acid being 
arrested. The races appear to differ in the ratio of the two acids 
produced This may prove the existence of physiological races 
within this otherwise uniform species , yet, according to Elfving, 
it IS possible, m a fungus that produces oxahc acid, to entirely 
suppress the latter by the cumulative action of oitnc acid On 
the other hand, Elfvmg found that there exist races which tend 
to generate citno under cncumstances where otherwise oxalic 
acid IS produced 

In the preparation of the strongly fermented Japanese nee 
wine (sak6), Aspergillus Oryzoe is systematically employed This 
fungus forms yellowish-green patches, and grows on the most 
vaned media The comdiophores tenmnate m sphencal or dub- 
shaped swellings, and the stengmata radiate either from the upper 
portion, or from the entire surface of the swollen end of the 
comdiophore The comdia are large and yeUowish-green , they 
aro either oval or sphonoal, and may be either smooth or covered 
with fine warts According to Wehmer, they can mamtam their 
vitality for many years, a fact which has been substantiated by 
observations made in the author’s laboratory The existence of a 
yeast stage of this fungus, due to the budding of the conidia, 
has also boon confirmed by direct observation of the author. 
Zikes observed on the mycelium a formation of gemmse with 
agglomeration of budding cells, when grown m a nutnent hquid 
oontainmg 100 c o water, 7 6 g of saccharose, 1 g. ammomum 
sulplbato, 0 6 g KaHPO* and 0 26 g MgSO* We have seen that 
Bezsaonoll, who cultivated the fungus m concentrated sugar solu- 
tions, observed a development of sexual hyphse with distmct 
ascogones at 30° C , and afterwards at room temperature A 
further development into ripe pcnthesia was observed by Zikes 
in a solution of 1 g asparagme, 0 -5 g K2HPO4, 0 26 g ]yigS04, and 
7-6 g of saccharose in 100 parts of water, with or without gelatme. 
The porithecia develop as yellow globules conta ining sphencal asoi 
with eight smooth sphencal or ellipsoidal spores 

To prepare sakd, nee grains, freed from their hulls, are steamed, 
but the aggregation and gelatinisation of the grains must be avoided. 
In order to prepare a malt serviceable for brewmg from these 
grams which are unable to germmate or to exercise the usual 
diastatic activity, the mass of grain is mixed with other rice grams, 
which are coated over with the mycehum and coni^oph^s of 
Aspergillus Oryzes, or else the yeUowish-green spores ( Tane-Koji ) 


*0-6 por oeiit or ammonium ohlondo or mtrate, 0 26 per 
phosphat^O 12 per oonl oryst magnesium sulphate, and 5 percent dextrose or sacokai- 

oso , 3 days at 0. 
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of the fungus are mixed mth the steamed nco grains In luoiwt 
and wai-m air, after the lapse of about three days, a white volvoty 
mycelium is developed on the noe, which imparts to the niaHM an 
agreeable odour resembling apples or pmeapiiles Before the 
fructification of the fungus takes place, a fresh quantity of steainod 
rice IS mtroduced, and this also is gradually coated with niyoeliuui , 
^-^lie process is repeated several times In the “ ko]i ” masH thus 
* produced, a part of the starch has been hydrolysed, and some of 
the albummoids have been rendered soluble The koji muMS in 
mashed m the cold, 21 parts of koji being imxod with C8 jiarts <>{ 
steamed nee and 72 of water This pasty mass (“ Mote "’) is allowed 
to remam at about 20° C , after some days it clanfies The cioii- 
veision of starch and dextrm into sugars jirogrossos, and at the 
same time a spontaneous and very violent alcoholic and Iiiotic 
fermentation sets m In this fermentation there occurs a /SVtr- 
charomyces which is able to pioduce a very lugh poroentago of 
alcohol The mass is now warmed to about 30° 0 Aft<«' ' 
two to three weeks the primary fermentation is finished. 'The 
product, after being filtered, is subjected to a secondary forinciita- 
tion, and the hquid is then clear and yellow, like sherry, oontaiiiiiig 
13 to 14 per cent of alcohol It is usually pasteurised at fi()°-70" (J. 
in iron vessels 


According to Kellner, Aspergillus Oryzee also plaj'S an imjiortiuit 
part in the preparation of Japanese Shoyii or yoja. .Saito and K ita 
made a thorough biological study of the manufaotunug procst'Hs, 
which IS earned out on the followmg Imos — The raw matoi’iaJs 
are soy beans boiled under pressure, and parched, cmahcMl 
wheat grams Krom a mash thus prepared “ koj'i ” is made by 
inocdationof Oryza, or merely by spontaneous dovolon- 

ment of the fungi contamed m the vessels With acoess of air, 
the temperatum nses graduaUy to 38°-40° 0, with abuiulant'V. 
devdopment of mycelia and comdia The fermentation is oomploto 

m a vohko] 

of about 40 hectolitre capacity, where the development of mould and 
vanous species of yeast and bacteria is carried on. Alcohol and 
are greduelly produced, togetter iritli the preduota of 

oharoctonLo an»oa 
develops m the course of a year After dilution with water 
the mash is extracted and filtered, the filtrate being pastouriseci 

^ ter^ According to Kellner Aspergillus Oryzee is also ryf 

mporteuco m the pr,pM»fa„„ rf the 

and Biisgen. Atkinson, and subsequently by Cohn 

Takamme prepared this diastase for industnal use, to supply 
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the place of malt For this purpose he sows a piu’e culture of 
the fungus upon wheat bran previously sterilised by steaming 
and cooling to 40° C The material is spread in thin layers 
{e..g , m tanks with a double wire mesh bottom) The comdia 
are developed at 30°-35° C m air saturated with water vapour, 
the temperature rismg for a day and mght, and thep being allowed 
to drop slowly , the mass acquires its maximum of diastatio, 
power when the fungus has grown through the undermost layer- 
of the nutnent medium, and the mass is then dned in a current 
of dry air, until it contains 10 to 15 per cent of moisture The 
full dbastatic effect was obtamed from 4 per cent, of this very 
durable “ taka-kop in 16 to 20 mmutes By precipitation with 
alcohol the diastase (“taka”) can be obtamed as a white hygro- 
scopical powder, containing invei-tase, maltase, oytase, oxjdase, 
peptase, erepsiiie, tryptase, lipase, and a starch-diastase The 
enzyme action is mcreased by addition of sulphuric acid m the 
proportion of 1 2,000 According to Bertrand, the taka invertase 
distmguishes itself from that of alcoholic yeast and Aspergillus 
mger by the fact that it is most active in neutral or slightly alkalme 
liquids 

Atkinson found an enzyme in koji whioli is soluble m water, 
mvorts cane-sugar, and converts maltose, dextrin, and starch-paste 
into dextrose The researches of Kellner, Mon, Nagaoka, and 
Okumura have likewise shown that the kop mass possesses a strongly 
mvertivo enz 3 ncao, which converts cane-sugkr into dextrose and 
Isevulose, maltose into dextrose, and starch into doxtrm, maltose, 
and dextrose. The various micro-organisms which occur in the 
koji mass doubtless contam these diffeient enzymes. Saito observed 
a peculiar kmd of acid formation due to this ferment 

In Java, the Aspergillus Wentii, dosciibod by Wohmer, is used 
for the jireparation of Chinese soja, and the “ Tao-Tjiung ” (bean 
mash), [t occurs spontaneously on so]a beans. It forms a snow- 
white mycelium, coloured brown at a later stage by the globular 
comdia, which exhibit a fine warty structure , the stengmata are 
not ramified BozHsonoff, cultivating this species in concentrated 
sugar solutions, observed an mcipient formation of sporangia as m 
the case of A. Oiyece Accordmg to Prmsen Geerligs, who described 
the technical application of the fungus, it not only possesses a 
poptonising and diastatic ferment, but is also capable of partially 
■dissolving the oeU-waUs of the soja bean When the boiled soja 
beans have been suffioiontly acted on by the fungus, they are mixed 
with a concentrated salt solution, and the mixture boiled with 
sugar and various aromatic herbs The proce&s is, therefore, not 
■one of fermentation. 

Saito has mvestigated the preparation of the Jajianese yam 
brandy, involving the use of a special kmd of AspergtUua (A. 
BaMoe), by means of which the starch of the yam tubers is 
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converted into sugar This species first forms yellowish-green, chang- 
ing to dark brown patches, consisting of brown, sphencal and finely 
gramed comdia. It possesses the same enzymes as other species 
of A&ptrgiUus The aleohohc fermentation is brought about by 
a special form of yeast, 8 Batatce 


i Mucor. 

The genus Muco7 belongs to the most mterestmg group of moulds 
with which we have to deal, since it embraces species with marked 
fermentative activity and great power of hydrolysmg starch 
They occur as grey or brown, felt-like masses, often <‘i,ttaining 
considerable thickness — occasionally measuring several inches — 
winch small yellow, brown or black globules may be distinguished 
by the naked eye Only the more commonly occiirrina spocios aro 
described. 

Mucor Mtusedo, one of the most beautiful mould growths, and 
one which occurs very generally on the excreta of herbivorous 
animals and especially on horse excreta, has a trausparont white 
mycehum, which develops numerous and delicate ramifloations 
both above and below the surface of the substratum. In its earliest 
stages of development, and until the sporangia begin to foiun, it 
is without transverse septa, and, therefore, umcoUular. Single 
vigorous branches, the sporangiophores, rise from the mycelium ; 
the pomts of these branches, which oontam a roddiah-yollow fatty 
colourmg matter, swell greatly, the protoplasm withdraws from the 
stalk into tlio enlai^ed heads, and below the swoUing a ti'aiiHVorso 
septum IS finally formed, whereby the sporangium is out oil from 
the^orangiophore. The transverse wall arches upwards, and forms 
a short column (columella) m the mtenor of the spherical head, 
whereby an inner space of peouhar form results. Tho protoplasni 
of this spa,oe breaks up mto a number of small fractions, wliich 
are gradually surrounded by a membrane and rounded oil ; thoso 
are the ^ores At the same time the sporangium is coated on its 
outer surface with small needle-shaped crystals of calcium oxalate. 
^ soon ^ the npe, greyish-brown sporangium takes up moisture, 
the wall dissolves, and the spores with their yellowish contonts am 
^ ■^th the swelling contents of the sjior- 

^um The col^ella, which projected upwards m tho sporangium 

Siided ^ sporangiophoro , this is now sur- 

unded at its base by a collar, the remains of the outer wall of 

he^orangnm When the refractive spores fall on a favourable 
substratum they swefi very considerably, and send out one or 
^o gem tubes, which qmokly develop mto a vigorous mvcoJiuni 
The optmum for growth lies between 20° arid 26° C 

+ 1 , -^^“bion to this mode of reproduction, Mucor Mucedo and 
e other species possess a sexual method of reproduction, which 
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takes place by means of a conjugation Two sbort branches, 
filled with protoplasm and growing towards each other, form 
elub-hke swellings and come m contact at their free ends, which 
flatten out Bach of the branches is then divided into two cells 
by a septum, and the end cells, which are m contact (the con- 
jugating cells), coalesce by dissolution of the ongmal double wall 
which separated them. The new cell thus form^ — ^the zygospore 
— quickly increases in size and expands to a spherical shape (m 
Mucor stolomfei to a barrel shape), after which the wall 
thickens, and becomes stratified , externally it is dark m colour 
and covered with wart-like excrescences These outer layers are 
very resistant to the action of acids The contents possess 
an abundance of reserve stuff (fat) Cases occur where the 
2 ygosphore develops from a single cell without conjugation, and 
occasionally such a cell is formed at the tip of one of the mycelial 
hyphae The zygospores are usually capable of germmatmg only after 
a long period of rest , the germ tube, after bursting the outer layers, 
quickly develops sporangia as desenbed above Thus, m the 
zygospore we find a resting stage of the plant, an organ which 
by its structure enables the mould to preserve life during periods 
unfavourable to growth 

These spores are usually formed only on the surface of the sub- 
stratum with free access of air 

The conditions on which the formation of zygospores depend 
have been exhaustively mvestigated by Blakeslee, who has shown 
that, m the case of the majority of species examined, it was essential 
that the conjugating hyphse should belong to different individuals. 
In the case of M Mwedo it is necessary that these mdividuals 
should be derived from spores onginating from different sporangia, 
otherwise no zygospores are formed In some species a difference 
could be detected in the structure of the two individuals which 
formed the zygospores In a minority of oases the zygospores 
were, however, formed from one and the same mycelium. Tem- 
perature affects their formation . thus in M, MiLcedo they were 
produced at ordinary room temperature, but not at 26°-28® 0. 
As a suitable medium, Saito and Nagamshi used whey agar with 
the addition of 2 per cent, dextrose or steamed nee They could 
observe completely developed zygospores after the two mycelia, 
sown some distance apart, gradually drew nearer so as to form 
* zygospore lines,'' and at last united The crossing of two 
•different though alhed species also resulted m the formation of 
zygospores, which, however, could not be induced to germinate. 

Mmor racemoauBf which occurs on bread and decaying vegetable 
matter m very variable forms, has a branched, multicellular spor- 
angiophore, which may also attam to a considerable height. Like 
Jf. Mucedo^ the optimum temperature ranges from 20°-25° 0. 
The browni^ sporangia are developed at the ends of the branches. 
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The spores are colourless. Both the aerial and the submerged 
portions of the myoehum are capable of forming transverse septa, 
dividing the hyphse into a number of short cells. These are usually 
filled mth protoplasm, and assume a spherical or barrel shape , 
this was first observed by Bail They are termed gemmae. The 
cells frequently form thickened cell-w'alls, and store up reserve 
food material, thus constituting a resting spore (cblamydospore).. 
Both kinds of cells after separating from the mycehum may again 
v^etate under suitable conditions. 

When free access is given to atmospheno oxygen, both spores- 
and gemmse germinate and from an mitial germing hypha develop 
into a mycelium. The case is different, however, when the develop- 
ment IS gomg on m closed flasks , under these conditions, not only 



the spores and gommse, but even the normal mycelial hyphse 
develop yeast-like budding cells, and thus form the “ muoor yeast " 
or “ spherical yeast.” By cultivatmg M racemosw in a flask 
completely filled with wort, through which a stream of carbon 
dioxide is passed, a growth consisting exclusively of mucor yeast 
can be obtained In M apinosus, M raceniosus, Jkhmypas mgricans 
and Thamnidmm, the yeast-like buddmg was found by Bitter 
to be prevented when oxygon was entirdy excluded. 

AH species do not demand the presence of sugar as a condition 
govermng the formation of yeast-like oolls 

Mucor erectus, with greyish-yeUow transparent sporangia, which 
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may be found, for instance, on decaying potatoes, has tbe same 
microscopic appearance as Mitco^ lacemosus; physiologically, 
however, it difiers from this species. 

Mucor c%rc%neUo%de$ has a very characteristic appearance. The 
myoeliiun shows the remarkable branching which occurs in some 
of the species of Mucor The mam branches send out short, root- 
like branches with frequent forking , at the base of these come 
new mycahaJ branches, which grow erect, and are able to form 
sporangia , the sporangiophore is sympodially branched. I>uring 
its development it curls up, and to this fact the species owes its 



Hg 37 — M.WM aretniOMAea (after van Tieghem. and Gayon) — 1, Myoelinm , h, mam 
htanoh ; o, root-Iike branobes , r, axillary braaobes , 2-4, development of sporangia , 
6, opened sporangnim , 6, spores , 7, submerged myoebum and bnddmg o^. 


name of cvr<ymeUo%de8. In this form, like Miicor s'pmoaua, the 
mjoelium, when submerged in a saoohanne hqmd, produces gemmae, 
similar in formation to those of Miicor racemoaus and Mmor erechis. 
Mucor sptnosus has a greyish-hlue myoehnm with spherical spores 
and brownish-blaok sporanginm, which is distinguished by the upper- 
most part of the oolnmella being studded with pointed, thom-like 
protaberances. 

Mnally, M. altemana belongs to this group, and hears a close 
resemblance to Jlf ctroiTidloides. This fungus has the distmo- 
tion of being the first of the Mucor species shown by Gayon 
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and Dubourg (m 1887) to possess tbe property of fermenting 
dextrm 

Tbe most mterestmg of all the species of Mucor is M. {Amylo- 
myces) Rcmxii, on account of its extended application to the 
hydrolysation of starch on a commercial scale. It was isolated 
by Calmette m 1892 from “ Chmese yeast ” small greyish-white 
cakes, consistmg of noe grains kneaded together with various 
spices Calmette, however, only descnbed the charaotenstic 
mycehum exhibiting gem m ae (chlamydospores), and called the 
fungus Amylomyces Wehmer subsequently descnbed the sporangia, 
and VuiUemm described m detail its characteristic features On a 
Hohd substratum, such as noe, it forms a yellow covering, due to 
an aggregation of yellow oil in the cells The same appearance is 
observed when the mycehum spreads over the surface of hqmds, 
but the submerged portions are grey m colour A temperature 
shghtly above 30° C is best suited to its development. The 
mycehum frequently remains sterile The fructifymg hyphae vary 
greatly m length, the sporangia are small, almost sphonoal, and 
both they and the elliptical spores may be either hght or dark in 
colour Tho fungus forms both gemmae and “ sphenoaJ yeast “ 
Like most other species of Mucor, it has a tendency to vary 
morphologically 

The diastatic enz 3 n[ne reacts most powerfully at 36°-38° C., and 
produces chiefly dextrose. The process, earned on, as it now is, 
on a large scale m special faotones, consists m first boiling the 
starch (maize or rice) imder pressure, then hquefymg the mass 
by the addition of small quantities of green madt or hydrochlono 
acid, and stenhsmg the hqmd at a high temperature By adding 
a culture of spores at 38° C. the hydrolysation is rapidly effected. 

Another species, M Praini, with similar characteristics, was 
isolated by Neohitoh from Indian noe cakes. It has sphencal 
sporangia, yellowish or dark brown m colour, and colourless spores 
of varying shape 

A third species, isolated from Javan noe cakes, M. javaniciia, 
has been described by Wehmer It forms a yellow growth on noe, 
produces a raised cushion of sporangia, yellowish-grey or light 
brown m colour. The sporangia are small, yellowish-brown, and 
transparent, whilst the spores are colourless, and of irregular shape. 
Lake the former species, it is able to convert starch into sugar, 
and to bring about aloohoho fermentation. 

Similar diastatic enzymes are met with in the species about 
to be described. 

One of tho most widely distnbuted members of the genus, 
differing considerably in form from the species already described, 
IS Jthizojyus mgricam (formerly known as M. stolonifer). The spemes 
attains considerable size, and very commonly occurs on succulent 
fruits. This mould is easily recognised, for its brownish-yeUow 
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mycehum shoots out diagonally with thick hyphse without septa. 
These attain a length of about 1 cm , then droop until thoir 
points touch the surface of the substratum, and shoot out 
fine ramified hyphse resembling rootlets into the latter, whilst 
other hyphae nse perpendicularly and develop sporangia , Jfinally 
other branches form new runners The black spherical sporangium 
possesses a high, dome-shaped columella, contiguous to the 
broadened end of the sporangiophore, and develops a number 
of dark brown spores, round or angular. When these are freed 
by the absorption of the sporangium wall, tho columella curves 



^ora^ophore like an umbrella, the hne of junction 
TOth the external wall remammg m evidence in the form of a collar 
Ihe fiiy , when grown on very concentrated solutions of oane- 
s^ar (49 per cent ) at 18° C , was found by Bezssonofi: to produce 
abmdance of gemmae and zygospores Zygospores are produced by 
the fusion of hyph« which, aceordmg to Blakeslee, belong to 

occurs on a great vanety of jmcy 

havoc. Behrens has shown that the damage is caused through 
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the secretion by the fungus of a poisonous substance, •which kills 
the fruit cells It is also of frequent occurrence on malt 

A similar species, JRh Oryzos (OMamydomiicor Oryzce) was dis- 
covered on Javan nee cakes by Went and Pnnsen Qeerligs (1896). 
On account of its power of hydrolysmg starch, it is employed in 
the preparation of arrack from nee It produces large numbers 
of gemmae. A specially mteresting form is Mh. japomeus, which, 
like M Boumi, is applied mdustnaUy to the hydrolysation of starch, 
more especially of maize starch It was isolated by Boidiu 
m 1900 from Japanese koji, and, like the species discovered by 
Calmette, was called Amylomyces (B) , it was desenbed more 
exactly by VuiUemm It shows a groat resemblance to both the 
former species, and, like Bh. Oryzos, forms gemmae Vuilletniu 
also desenbed Bh. tonkinenais {Amylomyces y), which has the 
same structure as the foregomg, but reacts differently on the 
sugars 

Bhizopus Delemar, intioduced later by Boidm, has boon 
employed m the Amylo process Its growth and diastatio power 
may be illustrated by the fact, established by Boidm, that 
the spores from a one-litre Pasteur flask are sufficient to saccharify 
the starch m a vessel of 1,200 hectolitres capacity Morpho- 
logically, it bears a close resemblance to R mgneans. It was 
desenbed m detail by Hanzawa and Usomi Physiologically, 
it differs from the latter species, not only m the property described, 
but also by not gro'wing at temperatures below 12° C , neither will 
it stand such high temperatures as its fellow-orgamsm (about 
42° C ) Optimum 25° to 30° C. It ferments saccharose, glucose, 
mannose, mulm, galactose, fructose, maltose, and raffinose, and in 
unhopped wort was found to yield 2 7 per cent of alcohol by 
weight It produces free acids 

Amongst other moulds standing m close relationship to tho 
Mucoi species, Phycomyces miens is frequently referred to in 
the hterature It usually occurs on oily substrata, but alHO 
on bread, excrement, etc It resembles Mueor, and its olivo 
green sporangiophores with their metalhc lustre attain to an oxtra- 
ordinary size The sporangium is black, the columella pear-shaiiotJ, 
and the spores yellowish 

Tliamnidium elegans, frequently occurrmg on the dung of various 
B,mTina,1a and on broadstuffs, is a fine mould ■with sporangia rooalling 
those of Mucor , but m adffition to the tenmnal sporangium formed 
at the apex of the mam sporangiophoro, the latter gives rise to a 
number of forked side branches, on which sessile sporangia (spor- 
angioles) arc formed without columella and with fewer spores. 

In conclusion, we may allude to Sporodima grandis, a fungus 
often mot ■with on toadstools growing in woods It forms a dense 
felt of branchmg hyphse -with numerous sporangia, and also prodnoos 
zygospores. 
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Hansen's determination of the limits of temperature for the 
three species, M racemosus, neglectus, and al/pimus, when grown 
on wort-agar gelatme and in wort, proved that the formation of 
sporangia and zygospores can proceed at a slightly lower maximum 
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Tliamnxdium eleijam (aftoi BioIoJd) 

1 Sporangiophore (low uiogmfioatjon). 

2 Tliree seotiom. oi above (high inagiii(U’ation) 

a Terminal spoiangium 
c Bpoiangiolos 

3 ytunted fruit oaiucis with sporangioIoH. 

4 If] ec hporangiolofl 
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than IS required for vegetative growth (the behaviour is thus 
analogous to that of the Saccharomycetes) The development of 
sporangia can, however, proceed at the same unmnium as that re- 
quired for vegetative growth. The species vary with regard to tho 



MOTTLDS. 


105 


temperature limits for sporangia, on the one hand, and for zygospores 
on the other , thus M alpimis exhibits a higher maximum for the 
formation of sporangia than of zygospores, but the reverse is the 
case -with M neghdus It follows that the temperature limits 
may serve to determine the species. Mucor tacemosus, for example, 
when grown on the media alluded to, is Imuted for vegetative growth 
to a maximum of 32°-33° C , and a nmnimum of 0*5° C, . M. alpinus 
to a maximum of 29°-31° C , and a rmnimum of 0 5 C ; jlT. ntgleciutt 
to a maximum of 33° C , and a miTumum of 3° C 

The Muoor species are of special interest to us, because they can 
act, in varying degree, as true alcoholic ferments. Their fer- 
mentative power is not connected with the formation of buddii^ 
gemmss, for these have not been observed m either Mucor Miicf/io 
or M stolomler This form of fermentation has been regarded as 
a special bind of breathing Unlike normal respiration, such as 
is performed by every organised being — the inhalation of oxygen 
and exhalation of carbon dioxide — ^it can take place in the absence 


of free oxygen The oxygen m the cell contents makes f^e^h intra- 
molecular Imlungs, with the result that the carbohydrates, and 
more particularly the sugars, become dismtegrated, so that not 
only oarbomc acid but also alcohol is produced Adoptmg the term 
suggested by Pfluger, the process is known as intramolecular 
rospicatiou This conception imphes that the fermentative change 
produced by Mucor, which is only possible m the absence of free 
oxygen, tlifiers essentially from that brought about by yeast, 
which cau proceed either m the presence or absence of free oxygen. 
Wohmor's experiments with two species of Mucoi {M. racemoAua 
and Jf lavonicus) have shown, however, that the production of 
alcohol was not diminished by the constant bubbling of air through, 
the hquid, nor yet when the fermentation is carried out m very 
thm films of hquid with a large surface exposed In other directions 
tho two bindH of fermentation possess characteristics m common, 
and the coUectxve evidence makes it difficult to mgard the 
as essentially different. On the other hand, PaUadan and 
chew, and others, have proved that the two . 

identical A special alcohol enzyme, such as that i^lated from 
veast has not hoen isolated from Mucor mycehum Kostytschew 
oSSWd tolw, tiat tha mycelium of M. ra»-«<»ue, wteh 
had been kiHed by treatment with acetone, was able 
If amXnTcartou diorf. eqma to that 

So, — 

by Hansen and othera ^ races of M racemoius it is 

*poft wtoked phymologioal deferences, whilst 
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morphologically they aro idontical. ()«(' riico ( 1-). whifli itiKliT 
parallel conditions shows the more vigorous dov.'lopmi'nl . numot. 
invert saccharose, whereas this sugar is inviu-kvl liy tlit* otluT, moto 
feehly developed race (—). 

The great majority ol sjiooios an' able to feruu'iit nmitu.i', 
invert sugar, and dextrose. 

Considerable divoimty may bo obsm-vod anioiig.st llu' •.jtt'iui'S 
m regard to the production of alcohol. Tlu' saiiio wlnrh 

govern yeast fermentation sooni outlie whole to apjily to the,e 
processes. Thus, according to Wohnu'i', wlu'ii (he general I’lm 
ditions are favourable, iii prosouoo of oAygtui and a|. a iiiediuiu 
temperature, the fermentation is practically eompltded in lht‘ eonrso 
of a few days. A remarkable toatum of the fermi'iitation prndtu'wl 
by these fungi is that tJio lupior remains clear i.hrougliout the 
operation. 

Some of tho results obtained (Utimig Hanson’s invest i^uliouH 
may be quoted to show tho dilTeivnco in tlie productivity of the 
various species 

M etectm possesses the gmitost fernumtat.ivi* activity. In 
beer-wort (14°-16‘’ Ballmg), it yields up to H per coni, by Aolutuo 
of alcohol It also induces alcoholic f(‘rmentation in «l«*\trin 
solutions, and hydrolyses starch. M-uroy hiuhohiw yielda up to 
5'5 per cent by voluiuo ol alcohol in heer-wort. In 
solutions distinct fonnoiitatiou plicnometia were observiul. and 
after the lapse of eight months the liquid eoaUdned U-l per cent, 
of alcohol Muoor Mticedo IuiiH a cotn|)aralively fci'lih* f<‘rnu‘itl)dni* 
power both m wort (up to 3 per cent, of alcohol) aiul iu nmltow* 
and dextrose solutions Mwar racnimtt/t produces as mueli as 
7 per cent of alcohol in woii, simrt'U'S iuvcrl.aH<', and fonmudu 
the mvert sugar 

According to Gayon, Mticor CM'civHloitfoit reacts powt*ffuUy 
on mvert sugar (yielding fi-B per coni, by vohnno of aloohol). 
According to Wehmer, M. javanwm procluoos 4 to C per otiid, of 
alcohol in a few days. 

Conoenung the formation of acid from sugar solutions, wu* may 
note Wehmer’s observation of tho produotion of citric acifl liy M, 
'pyT%form%s Goupil found that Am. Jiouxh was able to eonvorl. a 
considerable proportion of tho sugar in solutiou (up (<» iir> per font.) 
into succuno acid, the amount doponding on the n<*idiify of the 
solution SMzcypua chinenais (Saito) produoos lacl.io lu-id, ti.vaiie 
acid IS produced by several species Most sfiocic'S li(jiK'fy giditi iiu' 
but quite slowly as a rule Albumon-splittiug ('UKyiues oe<*ur itl 
the various species, and some appear to play a tiart lu ilie 
ripening of cheese 
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6. Monilia. 

A number of different fungi of comparatively simple structure 
are described under this name m works on mycology. Ikom a 
mycelium, the colour of which vanes according to the species, 
branches are thrown up which give rise to senes of oval or elliptical 
spores. The genua has an mterest for us on account of one of its 
spooies, named by Hansen Monilia Candida from Bonorden's de- 
sonption, which possesses very remarkable physiological properties. 
It occurs m nature in the form of a white layer cowering fresh 
cow-dung, and on sweet, succulent fruits. When mtroduced mto 
wort, it develops a copious growth of yeast-bke cells. At the same 
time it excites a vigorous alcohohc fermentation, and whilst this 



B 

!Fig. 40 . — Momha candtda (after Hansen) — A, growth in beer- wort or other saoohairine 
nutritive hquids , B, cells of a young film-formation 

IS progressing forms a mycodorma-hke film on the liquid , the cells 
in this film extend further and further, and finally form a complete 
mycelium. During the early fermentation the fungus produced 
only 1*1 per cent by volume of alcohol, whilst S. ceremsice gave 
6 per cent. ; but the Monilia continued the fermentation, and pro- 
duced at the end of six months 5 per cent, by volume of alcohol, 
whilst the culture yeast gave no further quantity. 

Hansen states that Monilia does not secrete invertase, but, 
nevertheless, ferments cane-sugar, from which he concludes that 
cane-sugar is directly fermentable He suggested, however, the 
possibility that cane-sugar may be converted mto mvert sugar in 
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and P. lindner, and subseijuently by Buchner and Meisenheimer. 
They proved that an inverting enzyme cannot be extracted either 
from the fresh or from the dried v^etation. On the other hand, they 
wore able to obtain preparations which inverted cane-sugar actively, 
either hy grinding the cells with powdered glass, by killing them 
Math acetone or by pressing out the juice (see Chap. v.j. Thus 
the fungus contains an inverting enzyme, but it is completely 
retained by the protoplasm of the hvmg cell In contrabt Mith 
yeast invertase, mvertase is insoluble in water ; it dues 

not diffuse, as yeast mvertase does, through the cell-wall, or through 
the protoplasmic of the cells, neither does it diffuse tluough 

parchment. 

According to Fischer, maltose is spht up both by fresh and by 
drioc Momlta, and also by an aqueous extract of a dried groMrth ; 
he 1 jrefore infers that Momlta contains the enzyme maltase 
discovered by tinn m S cer&oisios. 




Candida (iifter Hanwn)-Mo«W giov^ like a arc 
oonhiHl/ of chajofi of elongated oeEs, more n«U» -uhipli readilr fu 

iL' tlvmllTjhJXtl ve^odlate celte; msW of these *ere gene«^.r 
from evow lomt a btanoh of the same fonn as the mother cell, hnt ihorter , tl» 
hX oT&eL^hams are often oloeely united, the oonetaotioiB m mmy casw to- 
;i A «rAvrt +-oTnftfll mvcehum, ■with distmot transverse septa (c) is prodnt'vd , 
UreXfannoSKSvemedium.ocommonlyon^ 
like ,l have to 

OdllH With verticils of yeaat'CClls r^m v ^ ^ Oidium 

'liss' wiis ssw .w <» 

lolws, vaiioualy attanged in colonies 


Aooordmg to Ban, Mma<a afco fermonts dextrin lormod by 
“’‘“a "norinm amonnt td »x.bon io^de nnd ^ 

xolopod m ttqmds .tnntorgoui g^b£^;toJt rmenteti^^^^ ^ 

Finally, this fungus is ^J^^J^r-wort^and ^ne-sugar solu- 
Bianding high temperatums induces an active fer- 

tions It develops ^The hiSaoT temperature for the 

mentation at am to hLch. maximum 

development of ikfomlm m wort are, acooromg 

42“-43° 0 , mmimum 4 -6 C described by Oster- 

^ very interesting m fermented apple wme. It 

walder, who found it giowu^ft y common wine 

Zxm on gdritoe “ST M ftrment^ 

yeast and afterwards de , P bottom, on which mould- 

UquidB It forms a ellipsoidal and long 

like flakes develop later on, ^o^d filaments am 

Sis with peouhar angular vacuoles. Ihe m 



200 


MIOK.O-ORGAJSTSMS ANB FERMENTATION 


ramified, mostly with no septa , between them are found larger 
tree-shaped, loose cell groupings It is a vigorous ferment — more 
vigorous, indeed, than any other species of this genus. It com- 
pletely ferments fruit- and grape- wine, even of high acidity , it 
IS also capable of developing in fermented wines and fermenting 
the residual sugar In the course of fermentation it forms volatile 
and non-volatile acids (mcluding lactic acid) The sugars moat 
readily fermented are dextrose and laevulose , next come saooharoso, 
lactose, galactose, and, finally, maltose, wtuch is but woaldy fer- 
mented ' It secrets invertase by contrast with M. Candida 

Many other species have been described, amongst which may 
be mentioned M sitophila^ discovered by Went, winch grows on 
the earth nut (AracAis hypogaea) in West Java Its mycelium 
extends by degrees throughout the entire fruit, the hyphse assuming 
a yellow colour on exposure to air By means of the various 
enzymes which the fungus contains, a change is brought about 
in the fruit contents In tins fermented conditiofi. the earth nuts 
are eaten in large quantity hy the natives Sachsia suaveolens, 
discovered by P Lmd n er, is also an interesting fungus belonging 
to this group It produces a high percentage of alcohol m wort, 
and develops a wine bouquet M vaTwth%l'is, described by 
Li ndner, is distinguLshed by an extraordinaiy multiplicity of 


6. Oidium (Oospora) lactis. 

(hdium lactis is a mould which has played an important part 
in the hteratme of the physiology of fermentation, and m that 
of mediome. It is knowm S/S the miTIr mould 

The traMparent, thin-walled hyphse, often forked and branched, 
form a tMck white felt , in the upper part of the filaments trans- 
verse septa are formed dose together, after which the smgle coUs 
Med with veiy refractive protoplasm, are detached as comdia, m 
section they are rectangular with rounded comers, fa 
gmwth of tins mould, sphencal, oval, pear-shaped comdia, and 
^ers of quite mregular form are, however, almost always pmsent. 
oigans of popagation, the only ones known, send out one 

fungus grows on solid substrata, 
the h^hsB unite and form remarkable conical bodies 

species the speoifio najuo of 
^ umTersal expenence shows that xt has its ordinary 
habitat in where it may usuaUy be found. It also oocura 
spontaneou^y m vanous other Iiqmds, and among these in tho 

am employed in the iZneZiZ t 
in the latter it is able to mduce a feeble alooholio fer- 

S Sk ^ IVeudenroich, it produces 

0-6?Sr “ tJie course of about ten days, 

u 05 per cent., and m five weeks, 1 per cent by volume of alcohol • 



MOXIXDS, 


201 


smaller proportions of alcoh.ol are produced m cane-sugar and 
maltose solutions. Its maximum temperature is, according to 
Hanson, 37 6° 0,, and its minimum below 0‘6° 0 Cultures made 



so-wn in hopped beer-wort in Banirie^oaamTO ^ formed 

at oeeh onS g»in il-l'd, ataormal forme , 

transveMe septa t^ 17 . oham of genmnatmg 

show globules of od ; 19, old oomdia 
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in lactose nntntive solution develop a powoiiul odour, rosonililing 
that of soft cheese, such as Limburg cheese. H is bolu'vod iluit 
0%dmm IS of importance m the nponing of several kinds of 
because it absorbs the acids produced by lactic acid bacUuda, aii<l 
thus paves the way for peptonising bactona (^ascin, in slerilisiMl 
milk, IS rapidly decomposed by the fungus. According to (L 
Jensen, an 0%diiim is always present m rancid butter. 

The fungus may occur in beer, especially when ])(>(»• in ult*oliol. 
As the amount of alcohol increases, the conditions for its growth 
become less favourable , still, neither woii} uoi' boor in (‘Xposod 
to the danger of being attacked to any extent by Ouhinn^ Hiucu'^ 
it is not able to compete m the struggle for oxisteuco witli tlu> (U’owd 
of organisms which at once appear when suclifcnnentahlo liiiuids urc^ 
exposed to the atmospheric germs 

In numerous mvestigations with top-femiontation yoasi*, tluv 
author has found that it offers a very favourable nutritives niatoi’ial 
for this fungus, especially when the yeast ih lu a (/luoscont Htato 
at the end of the fermentation. WometimaM a mici’OHcojuc exami- 
nation has shown an enormous number of comdia It is not known 
what influence such a growth exercises on tho Cjuality of tho yimi 
and the beer, but without doubt it is advisable to avoid tlio fungus 
as much as possible It forms vigorous growths on prossod yeast 
also, winch have a deleterious action on tho quality of tho yeast. 


A large ^ber of speciea and vanoties find Kholtcc iinclor tJio nutue 
O. tow. Weignmm has desenbed several, and Gninni lUso iso- 
lated a number of forms from sour mdk, cheoso, oto., wbioli (]ifr<n> 

^ olittmotoriHtio 

graphs on gelatine, and especisJly on potatoes, and also in regard 
to them peptomsmg action on the substratum ® 

o ^ 7^ exanmed numerous growths from widely varying 
‘^“‘goished a number of races showing majked vawV 
Wn, particularly at temperatures near the optimum— 25° to 30° (J 

i LiTSt,? on liquid and aoHd media, power 

^ ’^P formentaiive 

ecnyi alcohol The races occurring on hving fruit aro canable of 

wS’SiSrt SoToral’ of ui 
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peculiar m that, without forming a mycehum, it produces a whole 
series of regular oval oidia, which are linked m chains. On 2 per 
cent, wort-agar it forms a yellow, smooth, moist covering. On 
sweet wort it develops at the optimum (23° to 26° C ) a mouldy, 
yellowish, translucent growth, wtaoh falls to pieces if shaken 

An aroma-forming species, 0. maveolens^ was found by Kxze- 
meoki m water. It evolves a powerful odour of fruit-ethers and 
grows m beer-wort, yeast decoction, fruit juice, etc Morphologically 
it closely resembles 0. lactis, from which it may be distinguished 
by its growth on beer-wort, where it forms a white, fluted film 
and a thick layer on the wall of the vessel Optimum for growth 
IS at 25° to 27° C. The aroma is formed specially m nutrient 
liquids contaming maltose and dextrose. It yields traces cf alcohol 
and acid 


7 Endomyces. 

The reason why this genus is described here is that several of 
its species bear some resemblance to Oidium m thenr morphological 
characteristics. By reason of their endogenous spore-formation they 
appear to be allied to the Saccharomycetes. The mycelium is 
ramified, with septa, and is sometimes divided hke that of Oidium , 
it forms’ conidia by budding from the hyphee, and in some speciea 
also chlamydospores The cells which are set free develop by 
cerminatmg filaments, budding or division In most sp^ies, asci 
were observed, which are formed as lateral branches or buds on the 
hyphse, or from some articles of these, or by the fusion of two cells. 

The asoi contam up to four spores each. 

The species first discovered, E, decijyiens, was descnbed ^ 
Tulasne, fater by de Bary and Brefeld It 
formation of oidia and oLlamydospores , on 
1 + forms asci with four hat-shaped spores resembling those of 
Willia anomala. The cells develop germinating filaments, hnt no 
bnds This species has no fermenting power w 

1 Magnln, from the gnm of oak trees was “edj^y 
T j « "hTT 'RrAfftld GuiUiermond and Bose its asci con 

t^lSir oval ^spores with a double membrane, 

rBo”, dirt, sacch^^e, and 

Dombrowsta “(SS. lesembline ta^-pipa. 

of the mycelium containing hat-shaped spores 

Tha cella develap 
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botli geminating filaments and buds, Lmdner found that it 
fermented deictrose and fructose, inverted and fermented saccharose, 
but did not react with, maltose. 

E. Jammcvs was descnbed by Klocker It will grow m dilute 
wort, and forms a mycdbum with oidium-like chains and yeast 
cells, m ainl y lemon-shaped, others being globular, ellipsoidal, 
and elongated The cells fom both germinatmg filaments and 
buds Spores develop m the mycelium as well as in the yeast 
cells , they are eUipsoidal or take the form of a flattened sphere ; 
they have one membrane, provided with small protuberances, 
and round the middle of the spore there is a very promment collar. 
This species does not ferment dextrose nor does it invert saccharose. 

E. albicans {Oidmm albicans) forms yeast cells and chlamydo- 
spores ; in each ascus Vuillemm observed four flattened, kidney- 
shaped spores. It coagulates milk and weakly ferments dextrose. 
It is a pathogemc organism, 

E. LiTidn&i was detected by Saito m the so-called Chinese 
yeast, which is used for making Chinese miUet beer Ikom the 
mycehum spring oomdia, which shoot germinatmg filaments, 
the mycehum forms asoi with two to four hat-shaped spores, 
having two membranes and forming germmatmg filaments. It 
ferments glucose, fructose, mannose, maltose, saccharose, and 
-■Tafifinose (feebly) , also dextnn 

_ E. Hordei, hkewise descnbed by Saito, has hat-shaped spores 
with two membranes. It gives an active fermentation m wort and 
koji decoction, and physiologically bears some analogy to E. 
Lind/nen. 

E vermlis^ (Lmdner) occurs m the milk y discharge of trees 
budding in spring. It will grow freely on thm layers of a saccharine 
medium, which, however, it does not ferment. Cells grown with 
access of air form abundance of fat 

E. mali (Lewis), which bears a resemblance to E fibvliger, is 
found on acid media and causes apples to rot. ' 


s. Dusanum. 

The red colour occasionally occurring on malt gram is due 
^ among which is a Fusanvm described by Matthews 

^*7 mould formation begins on the germmating part 

of the gram, and spreads thence over its surface The filamonts 
of the mycehum which show globular swellmgs, are connected 
by nuinerons The red colouring matter is present m 

the contents of the filaments. On a moist medium the membranes 

^^Se ^ envelope, which is coloured violet 

w -T? ova-l comdia either germmate directly, or first 
^w mto sioHe-shaped septate cells. Germinating filaments issue 
from the pomte of the latter, and by slow degZ the S swell 
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out. Both the mycelium and the sickle-shaped conidia are able to 
produce thick-wailed spores like gemmse The fungus does not 
appear capable of hindering the growth of sound malt grain, 
even if the mycehum spreads freely over its surface Generally 
speaking, it only attacks diseased gram. 

9. Chalara. 

Ghalara Mycoderma is described m Pasteur's Etudes sur la bihe 
as one of the organisms commonly occurrmg on grapes The 
mycelium forms a film on liquids, and consists of branch^, grejish 



1 1 ( 



v’a^o^fo^^of hyph»lnJ..wkoh«e separatmg 

oonidia 

in bis momoir on the tilm-iormmg lu^ ^ 

Luld develops both m ordmary wort and lager beer, as w 

in the dduted liquors. 
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10 Demaiium pullulans. 

A mould about which a great deal has been written m the 
literature of our subject is Demat lum 'pull'idans^ which was first 
described by de Bary, and more minutely by Loew. It frequently 
occurs on fruits, especially grapes, and has a branched mycelium 
from which buds are thrown^out , these have a striking resemblance 
to ordinary yeast cells, and are able either to propagate through 



44 — JDemaiium pidltUans (after Loew) — 1, 2, Full-grown mycelial threads with 
yeast-like cells , 3, cells of the latter developmg to mycelial threads , 4, cells with 
yeast-like buds ; 6, appearance of yeast-hke cells on the germ tubes of the cells 
with brown oovermg 

many generations, by yeast-like budding, or to produce genmnating 
filaments giving nse to a mycelium. Skerst states that the mycelium 
develops more particularly at low temperatures, whereas the 
yeast-hke cells form at temperatures of C In a strongly 

concentrated grape-sugar solution the fungus chiefly develops 
mycelium When thirf has attamed a certam age, it forms numerous. 



MOTODS 


J07 

clcmoly contiguous, transverse septa, and graduaJlv ti,rr,c i,. 
olive green , this forms the restmg stage of the ^Sit ^ HaSn^ 
air analyses, DMum was frequently found frSm spring u^Ttd h”te 
autumn m wort to which air had access. He ohseived that when 
the moidd was sown in a sacchanne liquid it at firat develop«l oS 
mycelial fflamonts , after some time, however, yeast-like cells seS 

rated, without mducing alcohohc fermdntation 

V Lindner states that one Dm-mtviim species produces a roi)ine>s 
when cultivated in woit, owing to the formation of slime from the 
coll membrane. Demahum species are also found in millr and dairy 



1^^^. !■*> IhTnnlium Hjicoicb (Jotgensen) — Spoxe-lonnatioii in mycelial threatU 


products. A groat dovelopment of D&maVmm occurs in tbe sap 
■wlucli oozes Irom the cut stem of the vine and, according to Wort- 
inann, tins m the mam reason why the sap is gradually converted 
into a Hinny, glutinous mass Wme must may also turn slimy, for 
tlio Hanio rcanon, li it is allowed to ferment too slowly In isolated 
oanoH Woiljinann ohsoiwed that Dematium exercises a destructive 
lulliionco on grapoH In 1896 the author observed endogenous 
H()oro-formatjon m JJermHum-hke moulds oocurring on dried grapes, 
but i.lio otganiHin Hhowed no development of the restmg cells de- 
Hcn 1)0(1 abovo Tho spores developed nothing but a yeast growth 
111 Haoobaiino liquids The yeast thus developed was capable of 
H])oro-J<iriuation, and ivS, therefore, a true fi^acc?iarom^ces 


11, Cladosporium herbarum (Pig 46) 

^riuK mould <>ccui>i along with others m fermentable hquick, in 
tlio forinontuig rooms, and also on hops, malt, etc It sometimes 
occui*H in very largo quantities in the fermenting rooms The 
author {ouu<l, in one case, that the ceiling and a portion of the walls 
of a bottom'-fonnentation room were thickly covered with small 
l)lack jiatchoH ; thoHO conHisted of OicwZospori^m, the comdia of 
which wore consoquontly always present m the yeast The plant 
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consists of a yellowish-brown myoeliuin with short, sirniglit tila- 
ments, stiff and brittle , those growing erect can prodiioo at thoir 
upper extremities comdia of very varying form — sphoiuoal, oval, 
or oyhndncal, straight or curved In contrast to Penu'ilhum, 
where the new comdia are formed basi-petally (* e., liolow thoso 
already cut off), m the case of Cladosfm'ium, they spring either 
apically or laterally from a budding of the mother ooniclium, tlio 
development thus bemg basifugal. 'Hie name Oladospyr%wn herhamm 
doubtless mcludes several closely related species Aooordmg to 
Janszewski’s researches, the same species may occur in clilToront 
forms and with a varying size of cell He showed that tho 
commonly occurring species represents a stage m the dovcloimioilt 








\d>oJ 




^ of an Ascomycete {Myco/fp/ioirelld), 

_ n penthecia of which hoar some 

o resemblance to those of AsirngiUits. 

Wortmannmdudes Oladospm'ium 
I nn n amongst those fungi, tho mycoliuin 

TiZ which, growing through the corks 

L \frP^ of wme bottles, give nso to tho 

^ W 1 corked flavour of wme Those and 

Qu/n I other species of fungi ooour during 

, * the npening of cheese which, tlirougli 

r— their development, acquires a dark 
| f brown or black colour. “Fungi bo- 

i n *0 group play a part 

1 1 / « V 0 o W ™ bringing about the decomposition 
0 ^ 1 / ^ identified a spocios 

' \ 0 ^ Q 0 0 which recent mvestigations have 

^ ® 0 . Qi shown to be capable of forcing 

..r ifi m ^ genmnal hyphse through the egg 
* memW, ami of gradm 

Comdia (Holm) ally decomposing the albumen. 0. 

. Jensen has observed that a species 

E tladosporium promotes the rancidity of butter on account of 
s power of splitting up fats EnksSon states that rye is sometimes 
backed by Gladosporium, and that the mould when consumed in 
re bread or in beer may prove pathogemo 

(^ncemi^ these or certam closely related forms, Zopf detailed 
cact morphological research, accompamed by numerous illus- 
ataons, m his memoir on Fumago, and also m his work on tho 
^ soot-hke fungus occurs very frequently on 

nts. correctly says — “ We are still quite m the ^ark 

ith regard to specific differences, due especially to the frequent 
organisms, and to the fact that the diiforcnt 
scarcely ever found together ” 

* 7 *“^ Yeasts,” mentioned m the hterature, 8acchai omvees 
ger, Torula nigra, outwardly bear some resemblknce toTS- 
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/tpoiium. According to researciies made by Noldin (coinmum.Mt»*d 
by Will), they develop a slightly ramified mycelium <triginally 
colonriess, but afterwards tm’mng ohve-green, dark-green, ftr blaek, 
with ellipsoidal, oval, sphencal, or apiculatus-like eonidui. dnifli* 
or piled on a broad base They form groupings whieli in muiu- 
speoiort or vaneties consist of single Imes, in others laniifiefi. 
They sometimes grow out to form hyphae, or multiply by 
budding Some comdia develop as gemmae with thiekeiidl 
walls No endogenous spore-formation has been found They ur** 
not very resistant to acids, and do not yield alcohol 

Among the various fungi occurring on the vine, the two fol- 
lowing parasites have obtained an unenviable notoriety, on account 
of the groat damage they cause — 


< 12 Oidium (Erysiphe) Tuckeri. 

d’his fungus, which is also called ' the true mildew, forni'- 
whitish spots, ohangmg to brown, on the leaves and shoot' of 
tho vino Those consist of mycehal fflaments, from which elliptiral 
or oliloug colourless comdia separate, 8 n long and 5 ft thick. The*- 
mvooliuni spreads ovor the fruit, which is gradually covered with 
a (k'liciito growth of a grey colour, wiule it thrusts through the fruit 
,slan roundish suckers, killing the epidermal ceUs. ^en gmpc' 
arc atiackod at an earlier stage, the epidermis m umhle to kwp 
un with tho growth of the contents , it then gradually splits oimi 
1!L «Uiv. by ^ ‘he oontente ejuta, W' 

oith(*r dry up or putrefy They may impart to wme a verj un- 

‘‘‘‘''ou tho’rigwiTO the fungus 

lutt may still prevent the further maturmg «ow- 

vmm'dv^h'J-' dangorous parasite is spnnkliDg 1 

(li'rod KUliilmr, but this only takes effect m sunny weather. 

1:j Flasmopara (Peronospora viticola). 

-rue v,ne Ivmgue « "the 

whiet. ;»ne»t,» Tur,t eui 

wluM'o it HproadH aucl laUs tho rniu^ -u;nt 3 er part is hranehech 

from tho stomata of tho i axk end^m short corneal 

and botli tho hranohes and P P ^ jjave a smooth, 

upu«‘s ^’lio cxniKlia arc oval, ^ five or six swarming 

colonrhsss mombrano J ’ i, the wnidia are immersed 

spores aroC(>r.m«l winch burnt oiit^ ^ 

ill water. Aocoiduig ^^ei-Thurgau t tmable to pierce 

I PI 2) Urn gonn tubes of tho penetrate through 

t XiSf t::;K»"lJeeVee pi- oP.y 
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from the under side. The growth forms thick, prominoni whitish 
^ots on both leaves and fruit. In the interior of tho ]>lant, big, 
globular oospores are formed (30 fj. diameter), winch have a hrow'msh 
membrane, smooth or shghtly fluted, and are surrounded by llie 
thin, colourless, or yellowish oogonium wall ThiiS fungus eausiss 
great mjuiy, because the grapes either wither away oi' putrefy 



% —Peromepotn viheola (after Comu) 


«u«), Md by mSrremSta? ” 
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CHAPTER V. 

YEASTS. 

AoooRDiNa to modem usage the word “ yeast ” is xi-sed to de->crilH.* 
those alcohol-fonnmg fungi which are normally formed by a procc" 
of budding Under special conditions many of them are able to 
form spores m the mtenor of the cells ; the old name Unrckaio- 
mycetes has been retamed to describe these species, w'hich are of 
such great techmcaJ importance 

It has already been stated that both the bacteiia and mould- 
fungi include alcohol-forming species, while amongst the moulds 
certain bud-fomung species also occur 

Mycehum formation has been shown to exist in, not a few 
Sacclutromyedes, and since an endogenous spore-formation also 
occurs in certain of the moulds, it would appear doubtfully 
correct to class the yeasts as an mdependent group of fungi. 
The direct observation of genetic connection between typical 
WewMiiiMW-liko mould-fungi on the one hand, and Saccharomycet€^ 
OTi ibo olihcr, luaikcs it difflcult to accept tlie earlier view. Such 
observations at aU events prove that species exist which cannot 
bo classed m an independent group. Doubtless futine lnve^tl- 
gaiions will brmg to light further instances of species which repre- 
sent stages in the development of higher 

The genera Mycoderma and Torula, which mclnde no 
exhibiting endogenous spore-formation, but ^clude a 
siiecios known only in the buddmg stage, will be dealt with m an 
appendix to this section. , 

The Nutrition of Yeasts. 

Momo account of the nutntion of fungi m general has already 
rortoS Lptar on motddo. m the foUotring paxagrtph. 

Uw »|* oW nutritive recinirements more im- 

By way of introduction, we give a summary oi xne m 

of the dry substance. The cent ) ^ The numerous 

(about 50 por cent ) and t champion andPeUet, 

lnoly« (mt«l«byB6oliajep.BelohouhA,M^O^m ^ 

Uobig, Untnox, Miteoheihoh) show, as may be axpecteo. oo 
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discrepancies, partly because the yeasts examined woi'e of difforoiit 
species and condition, and partly because the yeast hud bcnm more 
or less freed from the secretions of the forinentocl liquid. 'Pho 
following are the extreme figures given by the dillcrent amil,VHi..s — 


KgO, 

2.*} .'53 to :«> n 

NagO, 

0 to a 2(1 

GaO, 

l 0 to 7 .'5« 

MgO, 

:j77io (!-:i( 

FegOg, 

0 0(5 to 0 7 

P 2 O,, 

44 H to Cl)-*! 

SO^ 

0 (37 to (l•3« 

SzOj, 

0-92 to 1 ‘88 


The analysis of pressed yeast, possessmg great strength and 
stability, gives, on an average, about 76 per cent water, !•($ to 
1*8 per cent nitrogen, 0'6 per cent potash, O-l pec cent, magnesia, 
and 0 6 to 0*8 per cent phosphoric acid (P2O5) 

Among the carbohydrates may be named the material fif tlu‘ 
seU-membrane, the so-called hetnicellulose and yeast gum, and 
further, glycogen, which at certam stages of tho life of tlu' ot'll may 
foim a considerable part of its contents (17 to 39 per cent.) 
Glycogen occurs m larger quantity when the nutrientH arc* rich in 
sarbohydrates , they are stored in this form as reserve atull. i n the 
absence of nutnment, the cell gradually uses up glycogen. Its 
presence in yeast was proved by Errera , Laurent and otlu‘r.s showed 
:hat yeast may store considerable reserves. 

The albuminoids of yeast amount to about two-tliii'ds of the 
iry residue (30 to 76 per cent , corresponding to about 6 to 
12 per cent N) The amount depends on tho nutrition of the 
mast, supply of oxygen, temperature, etc In a brewer’s yeast 
sontaimng approximately 8-6 per cent N, Stutzer found about 04 
ler cent as albumen, 10 per cent as peptones and ammo-acids, and 
!6 per cent as nucleins. 

Amongst the nucleins must he specially noted tho nueloo- 
>roteids, which are of great importance in tho dovclopinont of 
^east They are specially to bo found m the nucleus. 

The fats in growmg cells constitute 2 to 6 per cent, of tho dry 
ubstance, but m old cells considerably more Thoir formation is 
avoured by access of oxygen and an ample supply of carbo- 
ydrates They act as reserve foodstuffs 
As will be seen later the direct action of alcohol (or alcohol 
apoTOs) results in a considerable increase in the fat contents. 

Emally, we must note the vitamines discovered by OJir. Kmik 
Town Fhyawl , 46, 1912) , their constitution does not yoi atipcwir to 
e Imown wi& certaanty They are believed to occur oxtousivcly 
i plants, and to be of essential importance for tho nutrition of 
lante and a^aJs They were first detected m rice husks, after 
diet of pohshed zioe had been found to cause a specific disoaso 
olyneuntis), which could be cured by tho addiUon of an extract 
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of husks IVnk first isolated the Yitanunes from these and later 
from yeast, which oontams especially Vitamme “ B,” soluble m 
water, hut not m alcohol or ether The presence of vitamines 
greatly enhances the food value of yeast. According to esten-ivt* 
researches by Nelson {Journ Biol Chemistry, 46, 1921). yeast !•> 
able to synthetise for itself the water-soluble vitamine! wlueh. 
therefore, constitutes a true constituent of the cell * 

The elements phosphorus, potassium, magnesium and Milphm 
have been enumerated by A. Mayer as mdispensable for tb* 
nutrition ol yeasts. His statement is based on the result- 
of Ills analyses of yeast (not pure cultures) and of luh nutritive 
experiments. If malt-wort or other nutrient medium contam-> 
too Hinall a quantity of phosphoric acid, the defect may be remedied 
by adding potassium phosphate Potassium is an essential fo<i«l 
element for yeast It is readily absorbed, both in the form 
of phosphate and sulphate Magnesium is an element of equal 
importance Sulphur can always be detected in yeast, and nimt, 
therefore, bo regarded as essential to its metabol i s m Calcium. <tn 
the contrary, does not appear to be necessary for the propagation 
of yeast. This element plays an important pait, however, in the 
fennontation. process, for it has been shown by Seyffert that 
brewery yeast qmckly degenerates in a wort poor in lime. According 
to the recent work of Delbruck, Lange, Henneberg, Haycluek. 
tScyflei't, and others, calcium carbonate renders certain toxic bodies 
inuoououH which are present in the raw materials and are beheved 
to bo of an albuminoid character (see Chap i.) ^ the preparation 

of artificial nutritive solutions for yeast, these mgredients should 
bo added in the form of salts, the total quantity not exceeding 


a gramme per litre f 

* VnftBi IK Buoh a noK foodstiiff that it is ertensively applied id industry 
inanuy^tou of preparations. They are gen^hyj-pai^^^r^ng a^t 

an .HiOilyHla autodementanon m tte yea^^. to 

of sodium oldoudo, carbonate, etc A second rnetlum is to ^ 

by addition of considwable is l^i^, evaporated, and 

mans is suflioiontly dissolved, it w ^sS to o^S^foddei; dry >ea.t 

Jru. .-sss-v. <«». >»»* «•' - 

I Ad. Mayor utihsed — , inT pn 

Aoid potassium phosphate, 

CrystaJiliaed magnesium sulphat^ MgoUi, 

T3‘ibasio calcium phosphate, CagPaOa, 
deoroaning m quantity in the order given. 

Laurent's solution contains 7- , . , . 

0*75 g potassium phosphate per 
5 0 g ammonium phosphate or sulphate 
O’l g magnesium sulphate 
I 0 g taitajio acid 

Jliiufion’s artilioial culture fluid contams — 

88‘fi g distilled water 

0 2 g magnesium sulphate 

0 U g monopotossium phosphate 

1 ’0 g peptone (Witte) 

10 Og aocoharose 
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Molisch foimd that tra^ of non have a favourable offoct on 
propagation of pressed yeast Kossowicz showed that m this 
ject femus sulphate is preferable to ferric chlondc 
Amcn g carbon compounds, the sugars play the most importiuil 
in the nutntioii of yeast Pasteur, experimentnig on saecharoHo, 
1(1 yea-st absorbed about 1 per cent of the sugar eontiunod 
lie fermenting hquidto build up its cells The amount of sugar 
•umed, and consequently the increase of cells, depends ou 
quantity and vaiiety of nitrogenous matter snpjilied, and on 
general course of fermentation, which is loiown to bo largely 
leaced by the supply of oxygen Part of tho sugar absorlied 
ot assimilated, but stored up as reserve stuff in the form of 
ogen \^ith regard to the assimilation of incbvidiial sugars, 
yeaists react differently, but there is no parallelism between 
entation and assimilainon in this respect Tho first investi- 
ms were made by Beijermok, who found that a brewer's yeast 
a Pastonanus yeast assimilated maltose, dextrose, and sao- 
ose • that a kephn- yeast assimilated dextrose, stvocliarose, and 
tse and, farther, that Sacok octosporus assimilated dextroso 
maltose, but not saccharose Artari provoil /SaaeJt. Zoji/ii 
lilated dextrose and saccharose, but not maltose A com- 
ensive study of a large number of species was made by Lindner 
by Saito, who determined the extent to which each sugar is assi- 
ted by the yeast The brewers’ bottom-yoaats oxamnied were 
i to give a vigorous development with maltose, wJiwcos doxtroso 
assimilated less readily and saccharose not at all ; iop-yoasis 
ed a weaker development with maltose, and frequently no 
fopment with dextrose and saccharose , most of the wine yeasts 
Uy assimilated maltose, but dextrose less efficiently, and 
laiose hardly at all, most of the wild yeasts assimilated 
efficiently, while dextrose and saccharose wore generally 
ffiated more feebly hut to a varymg degree In a few spooioH 
fyt assimilation of lactose could bo observed Tho two authors 
asparagme as the, source of mtrogen, and remark that othoi‘ 
es of nitrogen may be foimd to give qmte other results. 


If ^ moigwao oompovuid*. to advautiwo, uai-tunlivrly 

aenoe of 16 to 18 w ® yewt-mass w moft acUvo and stoWo 

7^"® cenoocned to proSiioo 

Jirectly dissolved m ivater but the ^,P®fPtosphalo, the formoi* 

tht ofiold Tvater Waled mth 60 UmoH 

nsively at the prodnotion of van&t footones aunjng pruwijially 

g the^utmneK ^ bostVcdiUiiL for 

wntis earned on m a highly ddute^OTt^witST"’®®*,^® alcoluil, 

vsclnHon white fementatouuprogi^^D^' oontmnous supply of trosh 
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According to their experiments, maltose appears to be paiticul.iilv 
well adapted for assimilation by yeast , but this result is prolinbly 
duo to the fact that the maltose used was strongly contuinin.tti ll 
by albuminoids Siuular research made at a later date Klotb-r 
on the reaction of twelve races of yeasts on dexti’o.se. 
maltose, and saccharose He employed partly a rmneral nutritive 
liquid (water 1,000/cc, magnesium sulphate 0 25 g. mono- 
potassium phosphatb 5 g ) with asparagme or peptone, and p.utlj 
yeast water , the multiplication of the yeast was determineil }»y 
countmg the cells This thorough research proved that multi - 1 
plication as well as assimilation of the sugars is largely depemlt at ^ 
oil the source of mtrogen Thus, Sacch. Maixianus in mineral 
solution plus asparagine was able to assimilate dextrose, malto-<* 
and saochai’ose, and even lactose by use of peptone. S 
in yoast water could assirmlate dextrose, lactose, and «!acchan>M*, 
but m mineral solution plus asparagme none of the four -ngars 
was assinulated Hence, under certain conditions, yeast can 
assimilato a sugar which it is unable to ferment The well-known 
specii“S, Haccli cemmz, CarUbetgmsxs, dli/psoideua, Paetorianiia. and 
I ut'lnddiia m yoast water and asparagine solution assimilated dextro^*, 
raaltoKO, and saccharose, but not lactose The value of asparagine 
,is a source of mtrogen varied greatly with different sjwcies 

Detirma seem to bo of doubtful value for the nutrition of veast. 

According to Laurent’s researches, certam yeast -species are 
able to assimilate the alkalme acetates, ^d, fiirther, lactic 
succinic, gluoomc, mahe, tartaric and citnc ^ids and thw 
alkaline mid calcium salts, m 1 per 

u,’,inmont"S 

im-U by woigbt. Tl^^ssiSliition of .looW 

will'll alcohol was used as , -nrocesses of air-grown yeast 

seems to bo of consequence m _o~,~a out m very dilute wort, 

manufacture, where for yea^t, it may 

Witli regard to possible sources of nittogen 

jirst be noted that amongst inorg^ Pastenr that veaat can 
are readily absorbod. mt^gen. but 

grow 111 a nutritive fluid tartrate (100 cc. aqua, 

only nitrogen in the form of and the ash from 

10 grams sugar 0-1 gram a positive result by the 

I gram of dried y^^^^^Wanently proved by exhaustive 

use of amm nitrate . to\upply mtrogen in ino^nic 

(.xpeninent that it is not f game^ Jonclusion, and showed 

compounds; Koseowicz reached the same 
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that by sowing a single cell in a saccharine fluid containing mineral 
matter no development took place, whilst with a greater inoculation 
of cells development may proceed 

It has, however, been defimtely proved m the case of Mycodenna 
species that their demand for mtrogen can be fnlly satisfied by 
ammonium salts 

The yeasts can absorb the mtrogenous compounds of tlio air, 
as proved by Will, Kossowioz, Lipman, and others It is doubtful, 
however, whether they are able to assimilate pure nitrogen 

According to the extensive researches of Ehrlich and Tlioinas, 
only such organic nitrogenous compounds aro adapted to tho 
nutation of yeast as can readily and completely supply their nitrogen 
to yeast in the form of ammonia, which is of great importance 
for building up plasma-albumen m conjunction with tho carbonaceous 


constituents of the nutnment Of particular value,, therefore, are 
the degi’adation products of the albummoids, such as albumoses, 
peptones, ammo-acids and then amides, asparagine and glutamines 
These substances either pre-exist m the raw materials used in 
industry , or they are formed in the course of tlie mashing and 
fermentation processes Thus, for instance, yeast converts 
asparagine mto proteids. Certain decomposition products of jirotoids 
are alreadv formed in the malt by the action of proteolytic 
enzymes Among the cereals, rye is particularly rich in jirotciils 
capable of building up the yeast-cell As to the quantities 
absorbed of these supplies of mtrogen, the yeasts sliow marked 
^erenees , thus some of them prefer peptone or voast dococlion 
to asparagine Bhrhoh mamtams that the amount of nitrogen 
absOTDed by yeast is in direct ratio to the amount of sugar forinentod. 

Omy part of the mtrogen contained m brewers’ and distillers’ 
wort IS absorbed by yeast , grape-must likewise contains an excess. 
Musts of apple a.nd pear are deficient m these compounds, and 
onsequently Me mcompletely fermented, unless the defioicnev of 
mtrogen is made up by an addition of ammomum ohlondo (Miiller- 

The^^,^n^^^ ® i^ctohtre), or by ammomum tartrate, 

bv ? ass^able mtrogen to yeast life is coiisidi'rofl 

by re^t investigators to be twofold, peptones and bases beinc 

eoeebtutes the 
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whjcli, conseqTient upon the utilisation of nitrogenous compound-. 
take place m the growing cell. On the completion of ferment at uin, 
about one-third of the mtrogen contained in the liquid will have 
been assimilated by the yeast, independent of the concentration of 
the liquid It appears to be an established fact that, at any rate 
in the presence of certain nitrogenous compounds, such a-i jieptone, 
fermentation will go on the more slowly, the higher the concentration 
of the compounds m the hquid, but, at the same time, growth and 
propagation will be more active When the hquor contain-, a 
larger proportion of albuminoids, more wdl be found in the jea-t 
One and the same yeast, with varying content of albuminoKK, will 


vary in fermentative activity 

Tho growth and propagation of the yeast cell, wliicli stdiul in 
an iiitunate reciprocal relation to the fermentative activity, au* 
dcponcloiit not solely on nutrition, but also on the direct action 
of external factors. 

Ah an example of a direct observation of the development and 
multiplication of the cell under definite conditions. Slator s research 
may bo adduced. With the aid of a hollow shde, in which water at 
a coiiHi/aJit temperature was circulating, the development of n .single 
coll (bakers^ yeast) was observed at 30° C in malt w^ort having u 
specific gravity ol 1-04 A young cell developing freely was 
to put forth a bud which reached the size of the mother-cell m 
71$ muiuicH (tho length of time varying 10 per cent, either side 
of tlio avcnige, according to the condition of the cell) . vithm the 
next hall-honr no appreci^k change could be noticed . both celte 
tlicn nut foi-th Himultaneously a bud, and the process v as repeated. 
■When old cells were introduced into a fresh medium, 
fluiorfcciit for a time dependent on their age, and afterva^ 
d yoTopi.1 as stated above Under the conditions desc^ed tl e 
reZ-ding influence of carbon dioxide was directly observed to 
assort .hSelf gradually Eesearohes of Jhe 

yeasts in wort were made by Z^es, Slop- 

i„lh.on<‘,c exerted by the concentration of the wort 
mciit of the coll, that a smgle-cell culture “ ^ | ^ . 

in » mowl cl,»™lDor at af -f "-26" 0 a 

of growth (luring the first few hours in 1-5 per cenu. 

it wi» i.c.too<l l.y A } ’’Lr wort M t.ry »ooa 

and othcM’H, that the ^ as Pasteur, took the 

consuiruul by the j^nst The Bro , as a stimulant 

view that, With Hufftcient future functions. 
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yiator, on the conlraiy, concludes from his expemnental results 
that, at the stage Trhen yeast is developing m 'wort, the d%iect 
importance of oxygen is much less than is generally supposed, and 
that its influence consists chiefly in preventing the air beconuug 
^atiiratefl with carbon dioxide, the retarding action of which is 
much gi eater than had been supposed In later stages, however, and 
under special circumstances, free oxygen may be'^of direct import- 
ance Slator cites two instances of different modes of yeast growtli, 
each involving a different set of chemical reactions — (1) Tho initial 
stages of groviih m malt wort illustrate one mode of growth, where 
oxygen, either free or combined, or adsorbed by the yeast, plays 
no part in the process, and free oxygen slightly retards it. Tiic 
energy necessary’’ for growth is obtamed by fermentation of 
sugar, growth being retarded by carbon dioxide, for if air is 
bubbled thiough the fermenting wort, growth is accelerated owing 
to displacement of carbon dioxide (2) The second mode of 
growth is illustrated by that occurrmg m lactose-yeast water, 
where there is no alcoholic fermentation, although zymase is present 
in the cells ; free oxj^gen is essential m such a case, and, if absent, 
hardly any growth occurs, the necessary energy being obtained 
by an osdation promoted by the yeast A high percentage of 
carbon dioxide retards the growth The factors determmmg which 
mode of groviih will take place, when both are possible, have 
not been completely investigated Hence as far as our i>rosoiit 
Knowledge goes, it would seem that free oxygen is by no moans 
always nec^sary for the vegetative growth and functions of tJic 
sen, but only under unfavourable conditions, such as those roforred 

^o, or when the nutritive fluid is deficient m suitable iiitro- 
;enous matter. 


Spore formation m the cell cannot take place in tJic absence of 
ree oxygen. 

Haasen as early 1879, the multiplication of 
f accelerated by bubbling air through the nutritiyo 
accelerated at the same time, the more 
he^eU wm <2“^cu^tanccs, the fermentative action of 

Ti influences that tend to check formonta- 

n The physiological effect of a copious omdation or respiration 

soluUonwilb: 

rtSr was used in the aerated cultures tJiaii 

amount of sugar mlit u n 

=aTuS 1 « 1 an air supply the 

^uiacxure ot am-grown yeast, where the v(^t is 
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treated m such a way as to utilise the largest possible quantity 
of nutrients for the multiphcation of the cells, while the wort 
employed is excessively dilute and continuously renewed through- 
out the process 

In tins connection we may note that Hayduck proved that a 
strong oxidation of quiescent yeast renders it more resistant to 
long preservation* 

In regard to the interference of external factors, it is hardly 
possible to lay down any general rule, as all depends on the con- 
dition of the cell lAid the composition of the nutrient medium. 

As regards alcohol, growth is influenced even by 2 per cent , and is 
completely arrested m presence of 7-10 per cent MuUer-Thiirgau 
found the temperature has a material influence on the effect of 
alcohol upon the fermentative activity of the cell , thus, 4 per cent, 
will arrest fermentation at a temperature of 30° C , whereas at 9° C. 
the same effect is only brought about by 9 0 per cent of alcohol. 
The influence of carbon dioxide has been discussed , it has, without 
doubt, a powerful effect on the condition and growth of the cell. 

In air-grown yeast manufacture, carbon dioxide is removed by a 
copious current of air through the liquor 

As for the influence of acids on the development of the yeast 
and the course of fermentation, a certam amount of evidence, 
ot great practical importance, has been procured through the 
recent dissociation theory (hydrogen-ion concentration) This 
evidence again proves that the nature of the nutrient medium 
plays an important part m determining the degree of action, and, 
furtlior, that the different species or races react differently in %. 
presence of the same acid. It may probably be laid down as a 
general rule that the growth of the cell is more sensitive to acids 
than IS fermentation , there is no parallel action of O and H ions 
on the two functions. The yeasts, in general, prefer a slightly 
acid medium, m contrast with baotona, most of which prefer 
alkalme, and with moulds which thrive best on a more acid medium. 
The influence of acids on the propagation of yeast is illustrated 
by Koipo observations of Hagglund — ^Under given conditions tlio 
yeast, with a concentration of O'OIS hydrochloric acid, had multiplied 
by 108 3 per cent in 120 hours, to compare with 59*2 per cent, 
without hydrochloric aeid, -with 0"024 per cent HOI, by 113 7 per 
cent , with 0 048 per cent., by 72'1 per cent The amount of alcohol 
dilToied slightly in the three cases. With butyric acid the following 
results wore determined — Concentration, 0 000 • increase, 24 per 
ooiit , to compare with 07-3 without hutync acid , at 0 023, no 
increase Lactic acid, concentration, O-lll , increase, 89 per cent , 
to compare with 08-3 per cent without lactic acid, at 0’222 , 
mcreaso, 40 -2 per cent It will be seen that, m these as in other 
cases, butvrio acid powerfully inhibits the growth of yeast, whereas 
it IS favoured, under the experimental conditions described, by 
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much, higher conoeDtrations of lactic acid As for the influence of 
sulphuric acid on yeast, it was shown by Henneberg that the power 
of resistance of yeast is largely affected by its actual condition 
Experimenting on pressed yeast, he found that, the richer m 
albiimmoid matter the more sensitive it is, and that qmescent 
yeast could withstand 9 per cent sulphuric acid for fifteen minutes 
■and up to 5 per cent for eighty mmutes 

Sulphurous acid, which even m minute doses will kill bacteria 
(e ff f in wme-must), appears, according to MuUer-Thurgau, to react 
very differently on species of true wme-yeast, on My coderma, 
apiculatus and Torula occurrmg in the must, some of them bemg 
quickly suppressed, while others, and among them several true 
wme-yeasts, will even survive severe treatment Hagglund found 
that the fermentation of 1 g of distillers’ yeast m 26 c o of 
liquid was completely aiTested by an amount ot sulphurous acid 
corresponding to 0 007 n S It is, of course, impossible to lay 
down general rules as to the fermentative activity of the yeast 
cell, as the plasma contains a large number of enzymes, each 
of which, as shown experimentally^ is sensitive to a specific 
acidity. In this respect also, the physiological effects of different 
acids doubtless vary The optimum hydrogen-ion concentration 
(Pji) for the action of brewers’ and distillers’ yeast is stated to 
range from about 4 4 to 4*7 On the contrary, the wild yeasts 
ocournng m breweries were found by Emslander to have their 
optimum at a more alkaline reaction According to Geys, the acid 
reaction (Pjj) of the wort m a yeast propagating machine dechned 
with each new generation, when the yeast was left too long (two 
or three weeks) m the cylinder without bemg cooled down , at 
the same time the yeast lost its power of effectmg clarification 
Rosenblatt’s mvestigations, for details of which we must refer to 
his memoir, deal with the influence of a large number of acids and 
bases, and go to prove the correctness of the assumption that 
tlie extent to which they arrest fermentation is largely dependent 
upon the specific character of the cell. 

Temperature is of capital importance to the development of 
the yeast-cell The significance of temperature with respect to 
fermentation m practice and to pasteurisation has been dealt 
with, so also the life limits In the systematic section will be 
found numerous instances of the significance of temperature in 
oharactensmg the species and determmmg the form of the yeast- 
cell Temperature further determines the activities of the various 
enzymes of yeast, and in this respect also the respective groups 
and species react variously. Thus, m pomt of fermentative 
power, a comparison between a brewery bottom-fermentation 
yeast and a distillery top-fermentation yeast showed that they 
behave practically alike at temperatures below 30° C , but above 
this pomt the fermentative power of the top yeast was considerably 
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superior to that of the bottom yeast The upi)er limit 
of fermentation is, in general, about 50° C , while the loutr 
lunit of any species (and these few' in minibei) is about 0' t* 
The formation of fat in the cells was shown b3' Zikes to take 
place very slowly at 12° to 16° C , but freelj' and in a com- 
paratively short time at 20° to 30° C. Glycogen formation alM> 
proceeds at a considerably quicker rate at higher, than it doe.'> at 
lower temperatures, the optimum for distillers’ j-east Ijmg between 
27° and 31° 0 (Henneberg), for brewers' yeast about 30° C. (Zike>-). 

As regards the influence of light on the functions of the cells, 
it has already been noted that, according to Knj' and Lohmann, 
the budding* process is not influenced by feeble illumination, 
but IS retarded by diffused day-hght, and that the effect of hght 
IS more apparent at higher temperatures Buchta. by observation 
of single cells, found that their sensitiveness to hght is gieater 
than was formerly bebeved Cells of Sacch cerevmcB and Hacdi, 
Ludw%g%i in diffuse day-hght or electric hght, multiphed only half 
ns freely as in the dark Blue hght tends to retard propagation. 
wJnlo in red light the cells were found to multiply with the ^amt^ 
or with even greater velocitj’ than iff the dark As for ultra- 
violet hght, Buchta observed that development was checked after 
ton seconds’ exposure m a moist chambei. and that on prolonged 
exposure It was completely arrested m three minutes In aqueou^i 
chlution, veast, according to Ohnstoph, is killed m two to thiee 
miautos Wh a concentration of 2,000 to 3,000 cells per c.c . 
forming a layer not exceeding 6 mm , at a ^stance of 10 to !•> cm. 
Tn wort and beer the action is so slow as to be of no practical 


Aocmding to accurate determination made by Luers and Christoph 
n023l the velocity constant of arrmhilation may be taken as . 
practical measure of the radiation intensity, w^ch “ 

),.oporUoual to the square of the distance The amaMarion of the 
ccIIh is retarded as the concentration of the suspension is increaw 
The inducncc of temperature on the anmbilation of yeast hj' radiation 


■" HCUon o£ ray. 

whioh the altra- 

yeast in a quaxtK flask and g that notablv greater 

violot rays cannot penetrate), and fomd auartz flasks. 

amoupis of ^^^'^x^’^the^quartz flasks were odourless, 

’Pho distillate and tho eable odour Thus, the 

while m the glass they had to establish themselves 

noxious germs (bacteria) proved unable to estau 

m ultJ'a-violet hght . j w T indner m parallel fermeiita- 

tions^Su'o^'Xa boLm-fermentation yeast, where 
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the rays impinged upon the bottom and sides of the flasks In 
SIX hours at about 26° C , six times, and after twenty-four hours, even 
23 times as much carbon dioxide was formed m the quartz flask 
In quartz 20 to 30 per cent of the cells were found to be weakened 
or dead, whereas the other cells had a vigorous appearance The 
quantity of yeast had mcreased httle, if at all. 

It has already been noted that yeast will support very high 
pressures. According to Kflkwitz {Ber d Deuts(^. Botan, Ges , 
39, 1921), fermentation can proceed under a pressure of 40 atmo- 
spheres Even so the yeast was affected more by the narcotic 
influence of the carbon dioxide than by the pressure itself After 
subjecting to pressure for 3 to 5 hours, the older cells showed a 
contracted, the younger a homogeneous plasma If placed m 
nutnent liqxud under normal pressure, the yeast continued the 
fermentation 

The influence of poisons on the cell has been discussed m the 
first and third chapters The enfeebhng or lolling effect of a 
poison does not depend solely on its concentration, but also 
on the quantity which comes into contact with the yeast. 
An essential pomt m determining the toxic effect is, of course, the 
relative quantities of poison to yeast acted upon So also is the 
condition of the yeast , one and the same amount of poison may 
exert a widely d^erent effect on yeast in fermentation and yeast 
in a state of repose Further, the mfluence of the poison on 
propagation must be distmguished from its reaction on the cell- 
enzymes This IS illustrated by the contrast alluded to in the 
next chapter, between the powerful effect produced by toluene 
and chloroform on the plasma of the living cell and its effect on 
the free fraction of the alcoholic enzyme As already stated, 
temperature has some influence on the toxic effect. It is specially 
marked when the temperature is above the optimum of the 
specific yeast The stimulatmg effect of traces of poison was 
described in the first and fourth chapters We may specially 
refer to Bokorny^s exhaustive researches on the action produced 
by various poisons on the yeast ceU 

Normal conditions of development of the yeast-cell exist, 
of course, only m nature In studying pure growths we endeavour 
to come as near as possible to the conditions obtaimng m nature , 
we try to adapt the yeast to those artificial conditions most favourable 
to growth , the development then observed is described as normal 
If the factors or agencies desenbed m this chapter are varied, 
the result will be more or less marked deviation from the ordinary 
course of development of the cell , variations come mto existence, 
as described in some detail below, where some of those occurring 
in industry are also dealt with When yeast is subjected to external 
interference, it manifests a high degree of adaptive faculty. Instances 
of this are the adaptation to poisons (hydrofluoric acid, sulphurous 
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acid, etc ) and the power of fermenting dextrin or galactose A 
tew such variations appear to be hereditary. The properties 'or 
characters resulting from such adaptations and variations are 
usually those that the cell possesses under what are called normal 
conditions ; they are merely brought to more marked development 
by special influences brought to bear upon them This adaptive 
faculty of yeast is of capital importance m its bearing on the 
fermentation mdustnes 


Theories of Fermentation. 

It was long since observed that when a sugar solution or a 
fruit juice is exposed to air, fermentation phenomena occur after a 
lapse of tune The hquid becomes turbid, gas is evolved, a precipitate 
is formed, and the surface is covered with a layer of yeast. The 
liquid gradually loses its sweet taste, at the same time clarifie.s. 
and then proves to contam a new substance with a stimulating 

**^'what exactly the process might he was the subject of many 
speculations m olden tune, but they were not based upon any true 
invosiigation of the process. We put all these specularions on one 
«idc, and start with the end of the eighteenth centu^, th^och of 
the renowned Lavoisier, the "founder of modern 
gave tlie first explanation of the phenomena based J 

first hint of a theory of fermentation Sunultaneonsly mth 
disanpeavauoo of sugar he proved that spirits of wme, carbon * 

fSSoacirwe^^^^^^^ Heexplamedtheprc^essasthespWtmg 

up of an oxide into substances both poorer 
As Htc veast played no part in detemm^g q 

^ lie did not fiudher concern himseli witn ic .11, 

At the begnuung of the nineteenth century Gray-LiMS^ publi'^hed 
the W.S knX oi lementatoi.. wtooh stfll 

1 .. which » J The 

molocniw ct cMhcn (h(mde c 

™ ‘S ns ot the deco^pe-tion o, 

tlio liquid? ^ n-nd fttdl more m that of 

In tho literature of the ^ferment '' (WflUs, 

tlio eighteenth century. aUmions ain mad ^ ^ d 

Staid) which was ^clared motion to other bodies present 

inti'ruiil motion ’ which of the compounds pr^ent 

in tlio liquid, whcrelpr are, however, through 

is torn apart ; the fragin y P transformed into a new and 
constant friction. indications, however, remained 

more stable compound These inoio 
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unheeded In 1810, Gay-Lussac, inspired by tlie bnlliaid (“luunit'iU 
di'ccveiies of Lavoisier, undertook to clucidati' the j)r<>f(‘s% of 
fermentation, starting from Appert’s uiotliod of pri'piinitioii, wliieii 
coiiM-sted essentially of preventmg organic matter from undi'rgoitig 
feimentation by boding it, and immediately afternurdh scaling 
it tightly m vessels so that no air could poiietrute io li, 'I'liis 
pioce-^s was, houever, no new one, for as early an 17K2 tin* Swedi'ih 
•«eientist. Scheele, proved that acetic acid can be jirenerved unaHered 
after subjection to heat 

Gay-Lussac examined the au’ contained in Hiad) henm'lieally 
sealed vessels, and found that it contained no oxygen. In liia 
Zeitalta des Sauei staffs^ this observation lod to the view lhal o.vygeii 
it-elf was the true cause of the process of fci’iueutation, a '\ lew 
jonfirmed by the practical expenence that sulplmrouM acid cmUil 
lie used for fummg out casks to arrest the fonuoi)ta.tion of muet, 
[leoause the conversion of sulphurous acid into Kiilpliindi* aeid 
wought about the removal of oxygen from the air of tlx' cu.sIvn. 

The importance of yeast for the fermentation f)roc{>.sM was (iniie 
ijeiloofeed It was regarded as a precipitation from llie Ihiuid 
)f no further importance for the comprobensiim of llu' j>r(»ce.ss, 
pe first mdieation of the tmo relationship had, howi'ver. lanm 
U'scovered at a much earlier period. 

About the year 1600 two Dutchmon, Hai].s and Zacliarin.'^ 
anssp, mvented the microscope, and lu tlio latU>r half <»f Mm 

Dutchman, Loenwenhoek, ismual I.Ih 
the investigation of various Hubstancos nndor 
can • ^ instrument for the Itoyal Kovicty. In 

f w S! r®"® T. doscription and d,'au hm 

f beer yeast appeared for the first time, and later in tlx' sa. e 

one of wine ye^t Shortly after, tlm fiist el<4 sk t dx 's <d 
aetem appeared He held the view that the yi^iiats we n> 1 riw 1 

X ll-rn 

Sl.num.riuK „f 

-eat dfeeussioTXciL Stend^H originated tho 

‘arches aTSnwLt !? involving re 

lese organisms can he derived t ^ ““P^^tant question whet.h»*r 
eneraho spontanea), or whether th^v^am^d^^ ’natter 

rmenting and hvimr matter Jiu from extermil 

u^n the SfsCtn of C ZT * 
fec^ the domain of fomentation ^ question, which naturally 

me fort^d^inf 1746 ^nS^defiS’e^*^ disproved, J'Joodham 
at ^e lowest microsc^pl:, ^ «how 

eated m the following way .-—He exrmi^d ^ ’ufusom,” wore 
‘“tt way. Jie exposed decoctions of meat 
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and other organic substances to such a high temperature that, 
acoordmg to his view, all forms of hvmg matter must be killed, 
and the vessels were then hermetically sealed Wlien he opened 
thorn later he found hvmg “ infusoria ” in the matenal, and he 
naturally argued that they were spontaneously generated, and 
that the substances generated during decay had recombmed to 
form these microscopic germs of hfe 

Needham’s experiments were sharply criticised by Spallanzani 
in 17G6, who proved, that if decoctions were mamtamed for three- 
quai-ters of an hour at the boilmg pomt, no hvmg forms were de- 
veloped until air was admitted These experiments, incidentally, 
gave a rational basis to the processes of Scheele and Appert. Neetl- 
hnm replied that this result could be explamed m a perfectly natural 
way by njianming that the air present m the vessels was so alteied 
m its character by contmued heatmg that it was no longer able 
to mamtam life Spallanzani was unable to combat this view 
jxpciimontally, and so the matter remamed undecided, and each 
view had its supporters The Needham school w'as upheld by 
Uic observation of Gay-Lussac that am, in hermetically-.se.ikfi 
V(‘HHels, contained no oxygen 

No progress was made until the year 1836 From this tunc on 
'icgan a period of rational mvestigation Franz Schulze pioved 
for the first time that oxygen does not play the part that had 
iroviously been assumed, and his experiments also led to the 
introduction of the first indications of a biological theory alongMde 
'die dominant chemical theory Schulze vigorously boiled a mixtui e 
)t water imd organic matter in a glass flask, and then allowed am 
Lo pass through the Qask after bubblmg through sulphuric acid 
rhiH was carried on daily for a long time The 
Mio contents of tho flask could be preserved unalW for months 
together, whereas hvmg forms of matter appeared m the decoction 
IS soon as tho vessels were opened and exposed to access of am. 

At tho same time Schwann earned out a 
vitb the exception that am was passed through a red-hot tube 

nto tlic decoction , ho obtamed identical resets -resent m 

liut although these experiments proved that the am present m 

oxygi. sSSSi 

■,l,oy m tke tSry that the powerful 

5^XSthJt? M S^gone h^ eo altered rts eompesrhoa 

jhat it WiiH no longer abte to produce ® ^ 1863-1861, with 

Kohroerloe »id Daeoh took Ss 

■,ho Ob, eel ol provmg l^t °XSt m fermeatable 

“from eohd paxhelee For .h» parpoee 
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they made use of a filter of cotton wool, tlmitifi;!! M'hi<-li the iiir 
was led before it came into contact with boiled or^iiuue 
Boded meat and meat-broth, as well as malt-wort, were iiiiulleretl 
when filtered air was introduced into the llaHks On Oie oilier 
hand, the expenments did not succeed with milk or th(‘ yolk of 
egg stirred up m water and boiled A oomjiietely deeiaive proof 
could not be furmshed by Schroeder until, m iS(H, he sueeci'tleii 
m stenhsmg this substance About this time I’asteiir iuul !*egim 
a number of hia epoch-making researchos, in winch (he priiieifile 
of sterilisation was clearly estabhshed 

Prior to these, Schroeder presumed that in eertnin eases the 
air before filtration must oontam somethmg that cioulil bring ahoiit 
fermentation and decay Whether tbcao are “ floaliiig, miero 
scopie, organised germs in the air. or a chenneul HuliHlanei*, as 
yet unknown, which is separated by contact notion and liM'd on 
the cotton wool, must remain to be dotenmned ” It also appeiire<l 
to be probable, m view of Ins negative exiieriments "tliHi hnier 
infupond ferments exist, produced anti Heiiarated eithm' from 
hvmg plant cells or from Iivmg animal tisHue, which .ire eiipiild,* 
orgamo functions anti transfoniiuf ions.” 
m«nn • oxperimouUi hegmi hv lltiif 

the Mf *»taSP^od JVonch ..„u.ml 

mental teataent, to ev^' that “"‘’'V"'?*’ ' 

generally adopted, and hold eood ^ concJimioiiH wi«rt) 

the many iccessfS expeSlt^ 

doctrine of spontaneous eener^,^* designed to ovortlirow tht* 
that the orgLc hquids wncemS by the futit 

sufficiently high temperature S »'«'«! <» u 

period Moreover, he showed* tbo-/ ®' for a fluniolently Itmg 

not so greatly alterS 

for the development or the ^erma longer fit 

^neratfon maintamed Thus if wpontaiumiiH 

the neck of which is drat^ f the hquid is hoilod in ,v /fiwk 
idea as that of HoffmamTand u (the HannJ 

stenie, and if a small liquid mm L 

into the tube. It soon bSTw allowed t rmi 

“ ■-»=« «■ Stted*" 
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occurred when aor is passed through cotton-wool and a ^niall 
quantity of the wool is introduced into the stenlised liquid. 
Pasteur also employed gun-cotton in place of ordinary cotton- 
wool Air passed through, gun-cotton was sterilised, and the fluid, 
after boiling sufficiently, remained sterile for an unhmitcd time. 
The gun-cotton was aiterwards dissolved m alcohol and ether, 
and it was proved that it contained the same microscopical organ- 
isms that develop m hquids undergomg fermentation and putre- 
faction 

This great work of Pasteur’s resulted in the overthrow of all 
proofs previously adduced on behalf of the school that maintained 
the spontaneous generation of microscopical hfe in organic liquid's. 
He established an extremely important result for industry’, which 
embodied all essential prmciples of the technique of sterilisation. 
The tcohmque has now reached a high stage of development both 
in its purely scientific and practical aspects 

Thus was laid the foundation of the belief that fermentation 
iH brought about by hvmg matter, the vitahstio theory of fer- 
mentation, m contrast to the chemical theory which found its 
boat-known advocate m the distinguished Liebig, w’ho built largely 
on the tlicories propounded by Wilhs and Stahl after Gay-Lub^'ac's 
idea that oxygen was the duect cause, had been given up. 

Although Li6b:^’s theory has been abandoned, it is neceasaiy. 
<*ven in- a bnef Instonoal description to touch upon it, because 
It hold the field for a long time, on account of its- author s great 
renown, and has now been partially justified by the discovery of 

enzymes in the yeast-cell i 

filxponmontal chemistry had won great tiiunyhs in the first 
twenty years of the nmeteenth century Chemists had succeeded m 
ascribing extremely complex orgamc processes, 

U> the mysterious “ vital energy,” to the sunple agency of chemical 
Ob™™ ooil^nco, the “ 

explain fermentation phenomena m the which 

Hvinff bomes Liebig consequently regarded the yeast wmen 

appeared in S formentmg hquid as 

th(' decomposition of the latter it win uo » vieorous 

theory could not be ^ KSS. dS regard^yeast 

voast colls was recognised laeb^, * without 


oontributo nothing of unportanoe 

now proceed to discos how the knowledge of y 
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only takes place m a body when “germs of a wormy t*liariu’l(‘r 
develop and begm to mtdtiply ” Probably wo have hero tbo 
first definite announcement regardmg the tiiie eauMi' of aitch 
decompositions 

A long tune elapsed before Leouwonlioc'k’a obw'rvatioiiH on 
yeast cells, m 1680, were earned a step further Ah far ns \v<* <'nn 
judge from the known bterature, the AuHtriaii Erxlc«b(*ti m IHIH 
may have been the first who definitely cxpimsi'd tlu* tlioiiglil 
that tennentation ‘ appears m no way to bo a Huupli' I’lifinioiil 
operation, but rather is in part a process of growth, and Hhould 1«> i’<> 
garded as the link m the long chain of natiii'o wluc'h e<)mbui<'.s 
those actions that we describe as chemical jiroccHMCK with tlioHi' 
of vegetative growth ” But this must bo regjwclod only ns a hviio 
thesis without further foundation 

Twenty years later, and almost simultancouHly, three Hi-i<'ntiMt.s 
expressed clear and defimte views, based on (hreot oxjierinu'idH 
regai-ding the dependence of alcohoUo fermentation upon vi'ins/ 
cells 

_ It may be of mterest to see how they arrived at the Kunie reMull 
in three different ways 

C^gmarf-Latour was the first of the throe to publisli bis work on 
jeast, m 1S3 j-S/ Bi ius studies of beer and wine Ixdb 

^laetice and on the small scale, be obseiwed that the vi'iwtglobuh'H 
^ surface of the beer-wort on aoconnfc of I, he eiiiiingh'd 

ps winch they produce They possess the power, Jjy Imddinu or 
by elo^atmg then own tissues,' of multiplying in i , U 
produen^ manifold globules, which soplirate from LT ou t 
when fully grown He thus confirmed his view tiL S 

the quantity of veast that wno ooiitiuiiH iniiny tiiiu'H 

view was that thrSLurtltHn. t^i 

also found that veast r, HOoivtionH. 1 1 e 

IBs xeseS enaSd 

It Is the yeast cells that d^Soy thTShtro/'l]''” 

of sugar, and brinir about i+B stability of the componontH 

dioxide, that fermentation in 

The same observataoT’rT/rdL? ’"ff ^ 

yeast was made simultaneou3r1^®. ^®SetabIo oharaotcr of 
mdependently, by Theodor SchwSu 

tioned that he made imT)ortfln+ ftli^ady Ix'on nicn- 

fh of livmg^matter (lisoiWHion 

that brought about ins elaS stndV^f ^ ^JlvOHtigatioiiH 

Schwann arrived at ^he under tho microH«op(‘ 
spbenc oxygen, but a SSice ^ 

V He... .w. Hy 
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this substance is of animal or vegetable character, he enquuvd 
whether it is destroyed by those poisons that are capable of 
killing infusoria, or by those that kill moulds. The latter jiroved 
to be the case, for a solution of potassium arsemte arrested the 
fermentation of wme , therefore, he argued, the substance mu^t lie 
of a vegetable character 

Under the microscope, the yeast resolved itself into the rc- 
cogmsed granules which constitute the ferment."’ He then ob^eived 
how they form eontmuous rows, with other rows placed diagonally. 
Ho also observed that small granules appeared on the sides of the 
cells, which form the startmg pomt for new rows, and usually, on 
the last granule of a row, appeared a tmy, and sometimes elongated 
body It will be seen that this constitutes an exact description 
of a budding colony of yeast resulting from direct observation 
under the microscope Schwann observed that the similarity 
between this picture and that of many other kinds of fungi was 
considerable, and this strengthened his behef that yeast is a plant. 
At his instigation Meyen exammed “ this substance,"’ and gave 
tho plant the name it has smee retamed of Saccharomy.ceti (sugar- 

fungus) „ , , , , , 

Schwann also demonstrated that the feeble evolution of gas m 
grape iiuoe may be regarded as a sign of fermentation . immeiH- 
ately afterwards the first mdividuals of the sugar-fun^s made 
their appearance , these plants grew and multiphed throughout 
tho period of fermentation. As it had also been shown that fer- 
mentation ceased through every treatment wMch biought about 
the destruction of the fungus (boihng, addition of potassium 
otc ), tho connection between fermentation 
oould not bo demed, and “it is extremely probable 
brings about the phenomena of fermentation through its 
He declared tliat fermentation was earned ont m ^^ch 
“ the sugar-fungus absorbs sugar and a mtrogenous 
for its nutrition and its growth, whereby those elements, ^^^h are 
not Ukon up by the veietable body, are prmcipaUy comW to 

form alcohol (piJ^bably along mth ®'jSf^"®Lportant 

\f T ICutzme was the third who dealt with tins imponauu 

,m,Um at tl>o fame permd 

tdab()ratc investigations conoermng ^ that nsually 

ho included the yeasts mficih^and published good 

ocoui- m brewery wrt and ’interest that Kutzmg 

drawings of tho growths ° ^ vmegar,” the shmy skin 

wiXH tivHt to investigate ■ondergoing acetic 

whWt fm™ on tlm mi4 
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Riid for the whole field of natural science Chemistry must rule 
out yeast from amongst its chemical compounds, as it proves to 
be an organism, and he regarded it as certam that the whole 
process of spirituous fermentation is dependent on the formation 
of yeast, and that of acid fermentation on the formation of mothej^' 
of vmegar , ‘‘ fermentation is synonymous with the vital process ’’ 
Thus he supphed a clear and definite form for the vitahstic theory 
of fermentation, in opposition to Gay-Lussac’s oxygen hypothesis, 
and to Liebig’s theory of the breaking down of yeast cells as the 
cause of fermentation 

Mitscherheh’s work is also of a fundamental character In 
1841 he described yeast as consistmg of round and oval globules, 
and he solved the question of their importance for fermentation 
by the foUowmg beautiful experiment • — httlo yeast is placed 
m a glass tube, closed at the lower end by a shoot of paper and 
this IB placed m a sugar solution In the course of several 
days, it will be seen that fermentation has actually taken place 
m the tube, owmg to the sugar solution havmg diffused through 
the paper Alcohol gradually diffuses throughout the liquid, 
which becomes saturated with carbon dioxide, but the greater 
quantity of carbon dioxide is evolved It is only after some 
tune, when the paper softens and allows the yeast globules to 
pass through, that the fermentation process begins to take place 
on the surface of the paper He concludes that “ fermentation 
only takes place at the surface of the globules ” He also published 
beautiful drawmgs of yeast, showmg their methods of growth and 
propagation and described the contents of the cell after staining 
with lodme 

All these observations did not suffice to establjsli the now 
theory The great prestige of the chemist, which still prevailed, 
demanded an equal authority m the region of biology to take up 
t7very pomt of the discussion and by demonstratmg the defects still 
inherent to the experiments just described and by convincmg 
expenments along the whole hne, to compel attention 

This great work was earned out by Pasteur with the same 
conclusive results as m the case of generation The mvestigations 
begun by Pasteur did not consist, hke those of the earher oxpen- 
menters, of short, isolated bits of work, but ranged over a series 
of years from 1857 onwards, and were published m a number of 
memoirs In this short review it is impossible to do more than 
mdicate a few isolated and especially unportant expenments 
taken from the series, which ranges over the whole field of fer- 
mentation * 

At an early stage he made the important observation that ' 
the amount of sugar decomposed durmg fermentation is greater ^ 
than that correspondmg to the carbon dioxide and alcohol pro- 
duced. The remainder of the sugar that disappears is utilised by 
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the yeast during fermentation, partly for its propagation — a 
fact which cannot be reconciled with Liebig’s view, for he 
demanded, as a condition of fermentation, that yeas,t should 1 h* m 
a state of decomposition Shortly after, Pasteur proved that during 
fermentation, yeast not only produces alcohol and carbon dioxide, 
but simultaneously, succmio acid and glycerme, the latter denved 
from a further part of the sugar decomposed He also showed 
that by the addition of ammomum tartrate to the fermenting liquid 
yeast can be brought to more rapid development, and the liquid 
can be more highly fermented than usual, proving that thi>. '■alt 
must be a food-stuff for yeast In general, he proved that no decay 
of yeast takes place durmg fermentation, and that the presence 
of assimilable albuminoids m the hquor is unnecessary, for by 
sowing a mmute portion of yeast m a hqmd which only contains 
sugar, ammomum tartrate and a few salts, fermentation can be 
brouglit about with the development of young cells capable of 
propagation 

At the same time, ho showed that the reason why many of the 
early expeiiments, which should have refuted the older theone'. 
did not succeed was due to the fact that it was impossible at the 
time to Hcoui'o absolute sterilisation of the liquids 

He then ])roduced further proofs that the acetic acid fermenta- 
tion, already recognised by Kutzmg as due to physiological activity, 
must clearly bo regarded as having this character 

One further observation must be mentioned on account of its 
wide-rcaolnng importance He proved that calcium lactate can 
undergo fermentation resultmg m the formation of hntync aad 
ami that the active oigamsm can exist without access of air. He 
unuliially extended his observations m this entirely new held 
(anaerobiosis — hfc without air), and definitely distm^ushed 
between aerobic and anaerobic hfe It was this remarkable to- 
oovory, which at a later stage included the alcohohe 
led the distinguished scientist to a solution of the problem und 
what particular conditions yeast cells can decompose sugar 

In 1S70, 111 hia mutUs sur la bihe, he form^ated his celebmted 

theory of fermentation, based upon a sen^of ^ 

Zlaiili of winch cannot be given here, a theory which has served 

both m tbii and the startmg point by 

tbrousbont a long « 

rotaiii its importance It starts gj to apart 

living yoHWt colls under certo exciters of fermentation, 

from air, and that they then react Lfof veast cells; 

Konnoutatioii is, therefore, ^ conditions is obliged to 

It is Wo without air As yeast m ord^ that 

olitam Its necessary demands of it gphts up the 

it may continue to develop as > constitute new 

sugar, and the residual oxygen and caroon 
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compounds — viz , the fermentation products alcohol, carbon dioxide, 
etc At the same time, Pasteur emphasised the idea that in each 
kind of fermentation — alcoholic, acetic, butyiic, etc — a specific 
kmd of organism occm's 

It will be seen that Pasteur’s theoiy has both a biological and 
a chemical aspect The yeast cells fulfil their normal existence 
with ample access of atmospheric oxygen , under these conditions 
develop, accordmg to his view, most vigorously, and prepare 
themselves in the best possible way to continue their existence 
without air that this is the necessary condition for their existence 
as alcohol formers — ? e , decomposers of sugar The first statement, 
which clearly explamed an important biological problem, still holds 
good , the second, which endeavoured to furnish an answer to 
the requirements of the chemical process, can no longer be accepted 
. That Pasteur did not apply Ins defimtion m the narrowest 
sense of the word is shown in that he himself emphasised the fact 
that yeast can exercise fermentative power m presence of a limited 
supply of air, as well as m its absence This was established under 
certam conditions for low fermentation beer -yeasts by Pedersen in 
1878, and Hansen m 1879 They discovered that the quantity of dry 
substance m beer-wort which a given quantity of yeast can convert 
into alcohol, carbon dioxide, etc , is smaller when the hquid is 
aerated during fermentation than when it is not A similar result 
was obtamed by Eduard Buchner m 1885 in his experiments on 
bacteria. 

Nageh, m 1879, m his Theory of Fermentation^ proved that 
access of oxygen is always favourable to alcoholic fermentation 
m a sugar solution, if no nutritive mateiial is prese'^t, and con- 
sequently the quantity of yeast is only shghtly me >d Nageli 
says (p 26), “ The theory of Pasteur, that ferm ^^^on results 
from a lack of oxygen, foremg the yeast cells to secufetheir require- 
ments of oxygen from the fermentmg material, is opposed to all 
i}he facts brought to bear upon this subject ” 

This view IS shared by A J Brown He arranged a set of experi- 
ments m which fermentation proceeded m presence of full access 
of oxygen, and a parallel set in which oxygen was excluded In 
both senes the same number of yeast cells were used, and they 
were kept under such conditions that it was impossible for them 
to multiply otherwise every condition was the same It proved, 
contrary to Pasteur’s theory, that the cells m the first case developed 
a higher fermentative activity than when oxygen was excluded 

Similar experiments were undertaken by H Buchner and 
Happ, with the object of ascertaming by exact quantitative methods 
to what extent free access of air brmgs about the replacement and 
suppression of the fermentative power of yeast cells by their oxi- 
dismg function With this object m view, they prepared pure, 
surface cultures of yeast with the greatest possible access of air, 
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and earned out parallel experiments with limited access? TIic 
first lot of cultures were grown m large cylmdrical vessels, the 
inner wall of which was covered with a thin Iming of wort-gehitme 
oontaiiung 10 per cent of grape-sugar This was infected with a 
coating of pure yeast, and m each experiment a current of air nas 
passed through the vessel for five days The carbon dioxide was 
absorbed m caustic potash, and after each experiment the amount 
of alcohol and the ratio between the yeast and the fermented sugar 
wore determmed Parallel experiments were carried out, m i\hich 
the same quantities of beer-wort and grape-sugar were allowed to 
ferment in Erlenmeyer flasks 

As a consequence of the rapid and abundant growth of \eat.t 
on the siq.’face of gelatme, fermentation on gelatine ceased much 
more quickly than m wort, where the yeast collected on the 
bottom of the flask It was further proved that considerably 
more carbon dioxide was formed m the surface cultures than m 
the parallel experiments with wort This carbon dioxide must be 
du(', to the respiration of the yeast. Neverthele®, only about 
ono-seventh of the sugar was decomposed by oxidation, whilst 
more than six-sevenths were fermented Although yeast had been 
submitted, according to Pasteur’s view, to the most favourable 
conditions for life without fermentation, nevertheless fermentation 
ceased As is now umvei-sally Icnown, a free supply of oxygen 
exercises a favourable influence on the propagation of cells but 
these experiments served to establish the fact that oxygen has 
soaiwly any influence on the process of fermentation, and that the 
abHOUco of oxygen must not be regarded as being “ 

foi'inentativo activity, for even m 

ol oxygon the fermentative power of yeast sbll exceecU the 

' Nff s many-sided work on the lower oigaim,ms. we 
can onlv I’oior, m oonnection with the preceding, to his ' 

XsZl” thtoiT of fermentation, whieh IMJ- he reganW as a 
InSlion 0lW» theory . Pastern re^ed fcr- 

monlation as the result of an activity ‘‘hing.I’i^., “lotion 
MiwKili (lefinccl fermentation as a transference of states or mono 

Ro ^^nps of ato^ or 

constituting living protoplasm (which nioi! 

to the fermenting material, whereby the m 

culoH is ilostroyed and are trans- 

moutation the vibrations of the ° ^ of fermentation is 

fomul to the termontmg Jeiior of the cells, 

to 1)0 sought in the living “ nntside their walls The 

but Its activity extends a sligM extent inside the 

decomposition of sugar takes place to a slignu 

of Psstenr, 
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He proved in the clearest and most iinmistnlvrtble nninuor in In'** 
Etudes suf la hibe what power is possessed by uii(ir()Hco|iit* life, 
and he strongly emphasised the fact that baotcriii may bait* a 
far-ieachmg nduenee on the conrso of alcoholic, ferinmilalion 
and on the character of the beer The budding organtsinh wan* 
dealt with m a similar way He indicated that wriain fungi of 
thi- group, which ai’e not desenbed in detail, may rotwi, w ililfm'oiil 
wavi on the products of fermentation, as Hail had pri‘viou.s|,\ 
expeiienced Pasteur’s commumcations, how<*vor, onl,\ ti'aioiNcd 
the nebulous views of his predecessors, and his aHsumptionM lad 
to two opposing hnes of thought This is scon, for iiiHtjuici*, in his 
observations on the so-called cheesy and acrobiotio youHi.. It is 
possible that we have to do m this case with indoficnihuH aiul 
pCTuliar types of yeast, but it is also possible that we are dealing 
with forms which are brought about by a particular treidmeid 
of the usual brewery yeast It should not, however, be overlnnked 
. that he himself indicated the direction m which the Holution of the 
que.-.tion must be sought, but that it was, at the tune, iniposhilile 
to determme whether one or more species was proNeut ; an e\ael 
method for the pure culture of yeast spcoioM not having biHui dis 
covered Thus a true orientation m the world of ini<!ri)-()i-ga(ii.siii.s 
cannot lie found in his work It was iraposHiblc at any point in 
Pasteui-t. thesis to find characters described for the budding fungi 
that would enable an analysis to be based upon tluun I h« b'olicvcd 

hn^<rinff fmigi may to some extent pohnwh tin* power of 

bnnging about deohohe fermentation hko the f'laer/itovw uir/rs 
It IS never possible to teU whether he is referring to tr«o'3 iro” 

^ clilh‘«'iitiiite 

!ro,ula,Eemltt7m!lto) budding fungi {Earx/ummi/refus, 

Pastern took the standpoint that every individual fernteHi.. 

culteahoo I’"™ 

true connection was nossihle -tn +u . explanation of the 

.id 

■lot^cSd'Z r teclmiqui, oouW 

h impossible clearlv to define the atandpoint made 

different yeasts coneSned^ ^ 

w., therefore, unable to osoaoo from ^ i^ttnentation XhvHtcur 
.i««t direare. iu beer, 3 
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IS reiterated by Duolaiix m 1883, and by other French, German, 
and Enghsh workers As a result of his studies, Pasteur recom- 
mended brewers to undertake the purification of their yeasts • to 
nd them of bactena by cultivating them m a sugar solution witli 
tartanc acid, or m wort, with a httie carbolic acid 

In contrast to aU this, m 1883, Hansen published hh doctrine 
that some of the most dangerous and most commonly occurring 
diseases m low-fermentation beer are not pioduced by bacteria, 
but by certain species of Sacchatomycetes, and that the nanie- 
8 c&'&oiam, 8 Pastorianus, and 8 eUipsoideus, suggested bj- Ree^^. 
do not mdicate one, but several species and races. Han'-en 
proved that species which had been mcorrectly grouped under 
tho systematic name 8 cmemsi(B yield different products in the 
brewery From this standpomt he elaborated his system, utilising 
a stock yeast derived from a smgle species After some opposition 
tho system was adopted m all brewmg countries, and introduced 
to tho mdustry Hansen’s expeiimental demonstration showid 
that Pastem’’s process for punfymg yeast by means of tartaric 
acid, furthers the development of disease yeast to such an extent 
tliat they arc capable of completely suppressmg the true culture 
yoasts, Pasteur greeted Hansen’s system as an advance, and 
wrote, “ Hanson was the first to realise that beer yeast should be 
pure, and that, not only m regard to microbes and disease ferments 
in tho narrower sense, but also that it should be free from cells of 

wild yeast ” , j, .i j , 

The mam jiroblems regardmg the actual catise of the decom- 
fosiiton of the mrjar molecule and the special couditions unrtet irhicn 

tl takes phee still awaited solution 

Meanwhile, in the last decade of the nmeteenth centurj-. nev 
views regarding the fermentative forces were gaming ground, for 
it proved possible to separate the exciter of “ ^^^“ete™ 

cases (diastase from malt, pepsin 
istie oifoct of these ferments was that mmute 

to split up large amounts of the Thf naS 

coiiipletoly lost this power ^^en subjected to heat The n 
enzyme was applied to the substances iso q+omach 

cell; of the barley corn, the mucous “ di- 

nnd jiraduallv a large number of these lerments 

tinguishcd. amongst them some 3 b^poLsible 

'Phe thought naturally suggests itself that it -wu the 

u, ihKi ™ Wm. ““f ^ 

living yoant cell is constituted, cap this^kmd put forward by 
carlv IB5S wo find a suggestion hvine organ- 

Traiibo —That “ the chemical processes suhstaSes 

isiiiH oiTgitiate mamly m the presmee of water, and 

are liable to undergo decomposition m the presm 

that under tho peculiar conditions actually obtammg y 
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apt to give rise to peculiar feiments ” A tliroct outconu' <tf (his 
view was jVJiquers discovery in 1890 that tlio hactcrmni faiishnj; 
the ammomacal fermentation of urine contained an en/yine w hicii 
can bring about this fermentation on its own account . 

In 1894 Emil Fischer, by purely chemnial researcii, l•('slll(in>^ 
in his celebrated work on the synthesis of the sugai’s, on tlu* usi' 
of phenyl-hvdrazm, and the osazone-reaetton, divt'rti'd tlii' euiT(>ji(i 
views on fermentation phenomena into now elniimels. His re 
■searches led him to explain the reaction of the yi'ast cell uu 
the specific sugar of a nutritive hqnid, in tiie same way as (lint, 
of the enzymes (mvertase, emulsm), so that thi> elKunieal aelivily of 
the hvmg cell should not differ from the action of chemical fm-meiUs. 
Accordmg to Fischer, fermentation of polysaccharide's is always 
preceded by hydrolysis of the sugar Hut there ("cishs an (‘sac(» 
relation between the molecular stiuctiu'o of a give'll sugar and llu> 
sugar-mvertmg enzyme of a yeast cell ; if a sugar eomt's into 
contact with the albummoids of a yeast cell, winch are I ho ^ 
outstandi^ agents utilised by the living cell, it is decouinosi'd only 
If Its configuration, the geometrical structuro of its nioleeuii', doi's 
not debate substantially from the configuration of tlu' allmininoifl 

to Fischer’s theory, the function of tlio 
^ depends much more upon its molecular gc'onu'tn' (linn 

on the composition of the nutritive matenal. 

Fischer, as well as I’liierfi'hU'r, ohtaiiK'd 

reaction ('lui 

reacnon or Hansens and other yeast snecu's on (Iw. iiiw!n/.i..i 

Fis^W for synthetically-prepared sugars U'slod hy 

yeasts, but not by manv b-e~^°^.®x°*^^“°’^^”ttom-fcmu'nta(.ion 
harmony with thief Sfr Wd 

contains an enzyme ! bottom-fermontation M'ast 

gtacoae and gala«to>e . bnt m*a I' into 

brewers’ top-fermentation yeasts no ^I'O 

could be observed As brewers’ ton fo “PO®ition of this sugar 
mvertase, it foUows that the fer^^fnl «<Mitaius 

cannot be Identical with mvertase ^ which splits u]) nielllnoso 

latter. thinat5aKa^^e^TsS^up^^^ the ' 

Jf acted upon by an aqueous 

the membrane of which has bee?toS bv 

tkat tkare ,, » marked d-feiSetilrlrrS 
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and mvertase, which hydrolyses cane-sugar The former enzyme 
is termed yeast-glycase or yeast-maltase. Its optimum tempera- 
ture IS about 40° 0 , whilst that of mvertase, according to Kjelduhl. 

IS 62°-53° 0 In a similar way, a lactose-cleaving enzyme (lactase) 
and an enzyme resemblmg invertase were isolated from Monilia. 

At the same tune, Hans and Eduard Buchner were endeavouring 
to prepare a juice by a treatment of yeast cells similar to that 
adopted by Emil Eischer — i e , by grmding the cell-nall hoping 
to apply it to therapeutic experiments To preserve the juice, 
it was mixed with sugar, and E Buchner observed tliat a 
vigorous development of gas took place m the mixture A furthtr 
exammation showed that the gas was carbon dioxide, and that 
alcohol was simultaneously produced m the juice This wa^, the 
basis of the extensive research which led to the discovery of the 
alcohol enzyme, which was successfully isolated from the living 
coll (first communicated m 1897) 

Buchner’s process is as follows Ereshly washed and highly 
pressed yeast is ground with quartz and infusonal earth m a moitar. 
The colls are torn and broken open by the sharp sand, and the juite 
absorbed by the infusonal earth In a few moments the whole 
mass oakos together to form a dough This is wrapped m strong 
prcss-oloth, and subjected to very high pressure m a hydiaiihc 
nroHS, up to 90 lologrammes per square centimetre Erom each 
alogratnmo of yeast about 600 c c of clear yeUow or yelWh- 
brown jmeo is obtained When the juice is mixed with a solution 
of saccharose, grape sugar or maltose, strong frothmg tal^^ 
place ui a few mmutes, due to the development of carbon 
clioxido, and at the same tune almost the equivalent quantity of 
:ih V I alcohol IS produced By the ad<htion of mmute quantities of 
allcalios (potassium carbonate, disodium phosphate, etc), the 

^'^^’iroan to*shovm^that the fermentation is not caused by livihg 
coll 1 — nfin the juice, for it is possib^ to add^t^ng anii- 

wmWMrn. 

torn from the colls oomd o® § , isolated This cannot, 

and that the enzyme itself treated with precipitant^ 

however, be the case, for if ^ 3 gujjijtance is thrown dowm 

and this, along with oth^ on treatme^ 

fonuH au amorph-ous ^ -ninwdasanexoiter of fermentation 

1 " 

tliO juloo. 
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R Albert has shown that by treatment of yeast with alcohol- 
ether, or, better still, with acetone in such a way that all the cells 
aie destroyed, a very active powder can be prepared (zytnin). 
The yeast is partially dried and soaked for a q^uarter of an hour 
in acetone (ten tunes its volume). It is then spread on filter paper 
to dry, washed with ether, and dried at 45° C The preparation 
takes the form of a white powder The powder, which consists 
of dead unbroken cells, produces almost immediate fermentation 
in a sugar solution If it is washed with water, the water 
does not acquire any fermentative powei If, however, the 
cells are first dismtegrated, it is possible by simple suction 
with a water pump to obtain a jiuce from which a precipitate 
IS thrown! down by means of ether and alcohol, which can be dis- 
solved m water and immediately produces a vigorous fermentation 
in a sugar solution Whilst yeast that has been killed m the usual 
way does not retam any alcoholic enzyme, it is possible by this 
method to fix the enzyme so that it remains mtact m the dead cells, 
Buchner named this substance zymase {Alcoholase) 

A Lebedeff showed m 1912, that zymase can be extracted 
from the yeast cell by simple maceration The procedure is the 
EoUowmg — In a tank of at least 50 htres capacity, fresh yeast 
IS washed by a contmuous stream of water until the water flows 
!way clear and the sediment is perfectly white Moisture is then 
expressed and the yeast spread out on filtei -paper m a layer of 
I to 1|^ cm and allowed to dry for two days at 26°-36° C It is 
jhen macerated m water (50 g of dned yeast and 150 g water) 
it 36° G for two hours, or 26° 0 for six hours, and passed through 
in ordinary filter In 12 hours 70 to 80 c c of ]uioe are obtamed. 
The cells appear microscopically mtact The jmee will keep for 
i long time in the frozen state It is richer in extractive matter 
ind more active than Buchner^s juice It does not contain glycogen, 
}ut all the enzymes that are found m Buchner’s juice 

Thus we have a basis for the study of the specific enzyme ^ 
yhich brings about fermentation A short resume is given below 
)f the properties of the enzyme It must, however, be understood 
hat very httle is known concerning its chemical character 

If the juice is heated to 4D°-50° C , a flooculent precipitate 
)f albumen forms, and the clear hquid loses its fermentative power, 
nvertase has been identified m yeast-jmee, and it must also contain 
n enzyme hydrolysing maltose and one hydrolysmg glycogen, as 
b is capable of brmgmg about fermentation with these oarbo- 
lydrates , but, according to Hahn, it also contains a substance 
if importance, a proteolytic enzyme hydrolysmg albumen If a 
est tube contammg fresh yeast-juioe, and another containing 
nice that has stood for a week at room temperature m presence 
f toluol (to prevent the growth of micro-organisms), are placed 
1 a water-bath at 40°-46° 0., it will be found that m the former a 



YEASTS 


23 


dense coagulum separates out in a few minutes, Vliilst in th 
latter only a few flocculent particles are visible The coagulabl 
albumen, when kept for some time, disappears by a species c 
auto-digestion Hahn has named the enzyme yeast-endotfypfas( 
This enzyme reacts best m presence of acid, whilst the activit 
of zymase is improved by the addition of weak alkah The presenc 
of oxygen is advantageous to proteolysis The enzyme can b 
isolated in a comparatively pure state, and is found m yeast celli 
According to Hahn, it cannot be separated from qmte norm? 
cells 

Endotiyptase has a powerful action on zymase, and even whe 
the juico is kept at a low temperature a marked loss m its fermei 
tative power is observed in the course of a few days, owing i 
the action of endotryptase It is quite possible that it is th 
enzyme, more strongly developed, which attacks the enzyme ( 
yeast cells when they are exposed to unfavourable condition 
Buchner beheves that this accounts for the fact that ycEist-juK 
prepared from one and the same species of yeast may contain vei 
variable quantities of zymase Zymase is extraordinarily sensitu 
both to vanations m temperature and to the presence of stroi 
alkalies To protect the ]iuce from the action of endotryptae 
laige additions of cane-sugar have been employed Thus, wh( 
mixed witli 76 per cent vsugar solution, the activity of the enzyn 
has been prolonged for several weeks. 

To avoid the rapid decomposition of the juice, it may bo dm 
in a vacuum at 26°-36® 0 It forms a yellowish powder, whr 
remains unchanged for a long time and, when dissolved m wat( 
displays almost undimmished fermentative power 

As a result of a number of fermentations, Buchner notes th 
the fermentative power of 20 c c of yeast-juice, with the additi 
of 8 grammes of sugar and 0 2 c.c of toluol, at a temperature 
22° 0 , gives a yield of 1 87 grammes of carbon dioxide 

Compared with the fermentative power of fresh yeast, the activ] 
of the juice appears trifling Thus, 1 gramme of good prose 
yeast produces, m an 8 per cent cane-sugar solution, 1*6 gramn 
of oarbon dioxide in six hours at 30° C , whilst 20 c c. of yea 
juice IS produced from about 40 grammes of yeast 

Thus, the fermentation produced by the livmg cell oonsideral 
surpasses that set up by free zymase. On addition of antisepl 
(toluene, ether, chloroform) free zymase is but slightly attack 
whereas the fermentation mducod by fresh yeast is arrested 
reduced to a mmimum. These facts can only be accounted 
by Pasteur’s theory, that the alcohoho enzyme of the cell, wh 
IS formed by hvmg plasma, is chiefly oombmed with the lai 
OrS a chemical complex, winch is accordingly rendered mad 
when the vital action of the cell is destroyed , a relatively sn 
fraction might possibly be hberated by the plasma of the living c 
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“““afweU-inown lact tlwl uciUiar pivaa 

-Mlution, (ei, 10 per eent eKpe-™g"' 

I iv ff-niK*nt concentrated solutions, such as «0 t I 

'olntion Tins has been the subject oC (‘vact lywinuli 
b- \'»deihcilden, Armstrong, Euler, Giaja, Hayduck, and otiicr'’ 

In hi> experiments on the nutrition of yeast, Hiibnc'r iirrn<*<l 
•t t!..- >anie result bv measurmg the rise of teinpcratiuv 
ov f.-rmentation The yeast does not develop more heat than can 
, aeuiunted for by the decomposition of the sugar. .Seeuig, liou 
1 . that a change of energy must take place in the cell, Ihe \ ila 
nt-iuv tit winch supphed by the fermentation, It follows that 
ii‘ lieeuiinKi'ition of the sugar cannot be simply of tv rerinenUi 
ivi- nature, but that it is necessary to distinguish hetwetni a 
■ toriiieutation action ” and a “ vital ” fermentative aelhni 
With regard to the best conditions of temperature, it lias heou 
hvfwn that the highest fermentative activity of Kymase is reached 
It C The most favourable temperature uudiaihlcdt^v 

;c- liiglitT, but it must be remembered that at the higher teiii 
l♦•^ttu^t‘ eudotivptase immediately comes into action and altnelv.s 
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The living yeast cell contains varyuig quantities of fris' naC'C. 
J.ii' the content often mcreases perceptibly in quiesciMit pressetl 
>M't when kept at low temperatiues It is a rcniarkulde fact 
int eultivated m a strong sugar solution with inorganii- 

lit' -HTi'tt-- .1 comparatively small amount of Kyniasi^ at Ihe 
lonient of greatc'jt fermentative activity accoinjianiod hy t,ln* 
re.itc-t production of froth. If, however, the yeast is removed at 
li- >t.ige. washed, pressed and stored for a few hours at a low 
*inpi‘t4iture, it will be found that the zymase oontont has eoii 
‘lerahly increasied. In the same way, yeast taken fresh from Hie 
ncwfiy sometimes shows an increase of zymase after storing. Thesi' 
ct'. can be explained on the assumption that endotryjitasi' is 

flnenced by a low temperature, even when the otlior coiiditioim 
e favourable. 


( »n the ^sumption that under certam conditions it would he 

energy roquiromonts, not hv 
^ Y“^se fermentation, Hayduck and Uaelm 
’"“‘Z wh.oi, w,». f„u,ui 

.1 u *r!-* ^ ®’^PPly> '"^hrlst producing a verv 

de fermentation. On cultivation m a nutnent hqmd oomliosei 1 <>f 
and salte, without access of air, a growth w^ oCm 

P ovea to be mamly due to zymase combined 
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with the plasma, as the dry preparation (zyimn) did not produce 
any fermentation. Thus, as m the case of common distillers’ yeast, 
no free zymase was found m the Taiula-jee^t 

A short review of the chemical changes that take place during 
the fermentation of yeast-] uice follows It is to be premised that 
glucose, fructose, maltose, and saccharose are fermented approxi- 
mately with the same rapidity * 

The first problem is to discover whether the phenomena caused 
by the addition of yeast-jmce to sugar solutions are identical 
with those of alcohoho fermentation of sugar The chemical 
action of the enzymes already discussed — ^mvertase, maltase, 
lactase, diastase — consists m the hydrolysis of the polysaccharides 
into simpler compoimds, the monosaccharides Zymase is dis- 
tmguislied from the enzymes by hrmging about the complete 
hreak-down of the sugar molecule and the formation of new 
compounds, exactly like the alcohol enzyme of the hvmg yeast 
cell. As is well Imown, this sphts up sugar mto almost equal 
parts of alcohol and carbon dioxide This is also the case with 
zymase A portion of the sugar, however, is not converted into 
those products. 

Durmg the pressed-jmce fermentation, glycerme is produced 
to the extent of from 3 to 8 jper cent of the fermented sugar ; 
it IS denvod from the sugar On the other hand, no succinic acid 
i>s produced Acetic acid is formed m mmute quantities, hut 
somewhat more than m the fermentation with the living cell. 
Tins is probably due to the action of a special enzyme 

The living cell does not apparently produce lactic acid in the 
fermentation On the contrary, this acid is formed in cell-free 
fermentation.* 

Buchner and Meisenheimer have obtamed a pressed juice and 
also a stable preparation from yeasts fermentmg lactose, which 
are capable of carrying on fermentation. 

Besides the enzymes already named, yeast-juice contains an 
oxidising, a reducing, a fat-deeomposmg enzyme, one sphtting up 
hydrogen peroxide, and a rennet enzyme. 

It has not yet proved possible to isolate Z3nnase, and nothing 
is yet known regarding its composition Its properties may be 
flummarisod as follows . — It is soluble m water and dilute glycerme, 
and is not very sensitive to chemical reagents In solution it is 
decomposed at 60° 0 When yeast ]mce is kept at low tempera- 
tures (down to 0° O0> the zymase gradually disappears, whilst 
in a frozen condition it remains unaltered for some time. In a 
djy condition it may be stored for months with unaltered activity, 

^ li was looonily pioved by Eerobaoli and Sohoon that in tbe conise of oommou 
aloohoJio formontation eome laotio acid is produced, whicb, however, le destroyed os 
fast as it )S formed, whioh accounts for it not bemg found m the ultimate fermentation 
products. . « 
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and withstands a teraperatore of 110° C. It in ])n‘<tii)i(ii(«nl alomj 
with albuminoids by treatment with, alcohol, lU’otonr, amt nm- 
moiuum solphate. It can be diaiysed with dithcultv w no( at all, 
and occurs m ramble quantity in the Iivmg celt according f«* d • 
'tage of derelopment 

The very extensive investigations of Hmlon and N'tmng lia\t* 
diintnfauted largely towards onr actual knowledge of ttu'n 
both of its composition and reactions By forcing the juita* nndor 
pressure through a film of gelatme supported by th»' jiorvn <*f .i 
Chamberiand fiter it was foimd possible to divide tin* juhu* j'u(»i 
a residne and a filtrate, either of which was incapable of proniotini.; 
the alcoholic fermentation of glucose, whoroas, w1u>n nnitrit, Jtu» 
mixture produced almost as active a formontation us tht' original 
juice. The filtrate was invambly found to bo qnito di'vohl of 
feiroentative power A solution of the residue in water in UHUitUy' 
quite inactive to glucose or fructose. When tho orighin! lillratV 
or a corresponding quantity of the filtrate from boilcul frt'nh von-.t. 
jui« is added, the mixture ferments glucoso or frimtcwo 
readd.^ Thrae experiments lead to the oonolusion that tin- 
meutetion of glucose and fructose by yeast-juioo is dtMumdont 

which 6ut also of anot/w' mhstruu'r. 

and thermostable, m contrast with tlic' i-iixvinf 

Th« second substance, the chemical comnosition fit whudi in ^ 

enz/nio:/ V” ^ !ho« • ■ 

led Haiden t’aHJ.or oxporimont 

gotog W-tation by Z fl, Z'fZ? r*'? 
found B greatly inoreied and fiifchet oa-^bon clioxldn 

proportional to the pTmvhaie n quantity is tlireelly 

tion, Harden's SrSt?£l«g?? “J*™- 

phosphorus prSSt L Se Sice oonoJtwion that ti», 

*<wi and undergoes a remarkabfe T w^epwrt 

resdt in phosphate of the co-enz^a changes, which maijjjy 

^th the sugar, in presence </ 

Harden calls a hexSse -phosphate lornduff wluit 

phosphate is rendered 3re buT^> fonsequence is that 1h,. 
enzyme contained in the vo^ZV^vu * hbomfrut iiv nil 

i^roduoes both sugar and which ^Inw 

fermentation proceeds h^n w lit oxwsk 

providing phosphate will bo prodSd 

Pl»te will takfphme Ae ?? «<>o^ulation of free X«’ 

»t«wr- .^“®®9'“eutly, zymase lomouta- 
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mth sugar, and it is only after the phosphatase has set free the 
sugar that zymase can function fermentatively , the Jiberated 
phosphate combining with part of the unchanged sugar and so forth 
A given amount of 'j^s'phate can thus promote repeated fermentation 
on an extensive scale If the ]uice loses its fermentative power, the 
cause is to be sought either m the fact that zymase has been 
attacked by the proteolytic enzyme, or that the co-enzyme has 
been decomposed by hpase In that case it is possible to re- 
activate the zymase by adding fresh co-enz 3 nne or boded jmoe The 
hexose-phosphatase appears mvanably to outlast the enzyme and 
co-enzyme 

Gay-Lussac, m 1815, produced the well-known fermentation 
equation, according to which one molecule of sugar is converted 
into two molecules of alcohol and two molecules of carbon dioxide 
This equation is still essentially correct At the same tune small 
amounts of aldehyde, glycenne, and acetic acid are produced 
In other fermentations one molecule of sugar is transformed mto 
two molecules of lactic acid 

The problem of the intermediates produced m the course of 
fermentation, was elucidated by the thorough researches of Neuberg 
and several others 

The work of Neubauer and Fromherz led to the supposition 
that pyruvic acid plays a prominent part m alcohohc fermentation , 
that this IS a fermentable acid, to be regarded as an mtermediate 
product of fermentation, leadmg to the formation of aldehyde. 
We are mdebted to Neuberg for the important observation (1910) 
that pyruvic acid can be readily fermented by yeast, and also for 
the discovery of a special activating agent or ferment termed 
by binn carboxylasc,* which tends to generate carbon dioxide ; it 
invariably acoompames zymase, and appears to be orgamcaJly 
related to it By cautious heatmg it is possible to modify the “ total 
zymase ’’ m such a way that it will no longer react on sugar, but 
only on pyruvio acid By this discovery the important problem 
of the formation of carbon dioxide appears to have been solved 

It was proved by Fembach and Schoen, m 1913, that pyruvic 
acid really occurs m the fermentation of sugar by ordinary alcohohc 
yeasts As to the other fermentation products, Neuberg has 
propounded the hypothesis that the first mtermediate product 
is methylglyoxal (CH 3 — CO — OHO), produced m some unexplained 
way by a twofold abstraction of water from the sugar molecule He 
holds that this hypothesis is borne out by the fact that methyl- 
glyoxal can be produced from sugar by treatment with hot con- 
centrated caustic soda, and also by treatment at a low temperature 
with alkahes, sodium carbonate or bicarbonate, ammoma, and the like. 

During the reaction of alcohohc yeast upon sugar m the complete 

♦ This ferment was foimd m the filtrate of a maceration juice heated to 60® 0. ( 0 / 
the co-enzyme described ab 9 ve). 
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absence of air, carboxylase causes oxygen, set free by decom- 
position of the water molecule, to imite with methylglyoxal. 

Thus pyruvic acid is produced and by the further action of car- 
boxylase IS spht up mto carbon dioxide and acetaldehyde. Both 
the formation and decomposition of pyruvic acid are assumed to 
go on contmuously throughout the fermentation 

Meanwhile, hydrogen from the water molecule is retamed 
m such loose association that it is capable of reducmg the acet- 
aldehyde formed by pyruvic acid to ethyl alcohol, or else the hydrogen 
may combine with a fraction of the methylglyoxal, to form glycerine. 

By detectmg a ferment, m 1913, capable of convertmg methyl- 
glyoxal mto lactic acid, the occurrence of all the prmoipal and 
accessory products of alcohohc fermentation have been accounted for. 

The above survey does not account for the participation of phos- 
phoric acid m the fermentation process Important researches on 
this pomt were made by Harden and Young (as briefly mentioned 
above), and also by Euler 

Neuberg found corroboration of his theory m the experimental 
fact, that, by addition of certain substances to the fermenting hqmd, 
it was possible to brmg about an abundant yield of some of the 
mtermediate products referred to This proceeding is termed by 
him “ Abfangverfahren ” 

As early as 1874, Dumas isolated the oxidation product acet- 
aldehyde, by addition of sulphurous acid or its salts, such as 
sodium sulphite The part played by these reagents m the 
fixation of aldehyde, which made it possible to study certain 
factors of the fermentation process, was established later (1914-15)« 
by MuUer-Thurgau and Osterwalder, who used pure cultures m 
them very exact mvestigations In Neuberg’s experiments alde- 
hyde IS formed m large quantity and immediately combmes with 
the sulphite. Up to 80 per cent of the theoretical yield was 
found At the same time, according to Neuberg, the mobile 
“fermentation hydrogen,’’ which is hberated by flxation of the 
aldehyde, reduces the sugar molecule to an equivalent quantity 
of glycerine. The formation of glycerme as the chief product 
of such a fermentation is entirely conditioned by the fixation of 
aldehyde This mode of fermentation, by contrast with that 
represented by the normal equation of Gay-Lussac, is called by 
Neuberg the “ second type of fermentation 

♦ This work has been utilised m the manufactuie of glycerine on a large scale. A 
very high yield of this product 'vros obtained by Gounstem and Ludeoke (Bet I> chem 
GB’i j 1919), by the use of large quantities of sodium sulphite, whioh is well tolerated 
by the yeast The following mixture may be used — 10 htres of water, 1 kilo sugar, 

400 g sulphite, and nutrient salts (ammomum sulphate, sodium phosphate, and potas- 
sium salts) After two days' fermentation 100 parts of sugar yielded 27 of aJoohol, 

3 of aldehyde, and 20 of glyoerme, which were extracted from the filtrate after 
distillatLon of the alcohol and precipitation of the salts The yield of glyoerme was ^ 

mcreased by inoreasing the amoxmt of su^hite and adding larger quanbties of salts h 

of neutral or aJkahne reaotion The race oi yeast does not seem of importance, neither 
does temperature nor the speoifio sugar 

I 



YEASTS. 


245 


If, on the other hand, fermentation is induced by another 
group of alkabsers, the true alkalme salts, such as sodium carbonate 
or potassium phosphate, the mcreased yield of aldehyde will be 
parliy oxidised and partly reduced (Canmzaro’s reaction) , two 
molecules of aldehyde will yield one molecule of ethyl alcohol and 
one molecule of acetic acid , at the same time, the hydrogel 
hberated gives nse to the formation of glycenne The yield of 
glycerme and acid sometimes exceeds 40 per cent, of theory 
This mode of decomposition of sugar is termed by Neuberg the 
third type of fermentation.” 

Neuberg and his collaborators, by employing their “ Abfang- 
verfahren ” m a number of bacterial and mould fermentations, 
iurther demonstrated that pyruvic acid and acetaldehyde are 
undoubtedly formed as mtermediates as m alcohohc fermentations , 
such is the case, for example, with Bac coh, Bac lactis aerogenes, 
Aspergillus^ Mycoderma, Momha^ Oidium, Mucoraceoe, and notably 
with the butjnno ferments la many bacterial fermentations 
ehemical changes occur similar to those observed m the “ third 
type of fermentation,” but hydrogen is hberated 

By his “ Abfangverfahren ” Neuberg showed that large quantities 
of aldehyde are produced, even m decidedly aerobic fermentations, 
sucli as the acetic fermentation 

As regards the action of acetaldehyde on fermentation, it was 
shown by Harden (1921) that the process was appreciably 
accelerated by adding it to a mixture of leevulose, phosphate and 
yeast ]uice or zymin The same effect was obtamed when 
methylene blue was allowed to act on a simdar mixture con- 
taining dextrose and leevulose 

Abderhalden {Fermentforschung, 1922) observed that the 
addition of adsorbent substances, particularly animal charcoal, to 
dextrose, saccharose, maltose, Isevulose or galactose, fermented 
by hviiig cells, caused an extraordmary yield of acetaldehyde, but 
this was only partially due to oxidation of ethyl alcohol "^en 
fermentation took place without access of air, an extraordinary 
amount of glycerme was also produced, m accordance with 
Neuberg’s theory 

Thus, m cheimcal transformations and decompositions taning 
place in micro-orgamsms, aldehyde appears to be as essential as 
formaldehyde is m the assimilation of carbon dioxide m green 

^^^^or details of the valuable researches contributed by Neuberg, 


Eeimentation mth sodium carbonate and molasses ^ 
fioalo by Eoll (Report, Lab Internal Reyenue Bureau, Watogton, 1918) ^ 

elliuRoidal wme veLt At the height of fermentation an addition of sohd sodium 
Sonate Z per cent ) was^made At a later stage ammomum c^nde 

also used tl) increase yield of glycerme, 

obtamed m sulphite leimentation Such carinate fermentatio^ are obviously or 
in-octioal import^oe only m countiies wheie molasses are very cheap. 
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Fromlierz. Fembaoli, Soboeai, Maz6, Mullor-Thiu'gau, OnltTualtlrr, 
and others towards the solution of those laiportant jirohUMns, tlu‘ 
reader is referred to the chemical literature. 

The Enzymes of Yeast. 

In addition to the general sketch nioluded in tlio 
ehfipter on the enzymes occurring in fungi, a few j>ar(i<*ulHr.-< »nu-t 
he given regardmg their special relations to yoast. 

Invertase is commonly found in all H])('oifH. Il is pn'pami 
l»y treatment of the yeast with alcohol or ctlior, or [\\ driiug 
and heating to 100° C The enzyme is thou extraotiod uilli u'uUt 
or glycerine and precipitated with alcohol ; the prooipiluto 
afterwards dried It hydrolyses cane-sugar, wliioh is split into 
one molecule of glucose and one of Iffivuloso. and it, is only niter 
hydrolysis that yeast can ferment sugar It sjilita up raflino-.i* 
imo fructose and mehbiose WiUstattor, howovor, assi'i'ts (hnl (hu 
effect is due to a special enzyme, raffinase. The oiitiminn tom 
lieratme of invertase is about 66° C , it is destroyed at 7r>‘“ ( Imf 
in a dry state it can withstand much lughor tt'nifM'ratnrt's. It i.. 

of antiseptics, and to vigorous ntliiok hv 
7 -J of H-s activity is incri'nsod i.'v 

dilute acid, but considerably diminishod by nlknli, 'I’ln* 

.h.. 

fom 5 solution wifcli addition of cldonf 

unaffe^U i ’ is axrested, whilst the invortuso is 

maltose into two^mSeciS»s^?JlucS^* 'footmipoMos 

40° C. and is destroyed at 65°® S wt 

extracted from the cell m ««« ^ yS^tereas Invorttiso can In* 

been killed it is not bo solution afloj- the yenst Itus 

of lYiifetat^r p™"! ZrS roHmri'htw 

enz^e reactions result in the fomalJl rS «<'Hmn 

as faet as it is disSd m 

coined to a narrow range h^n“ « 

therefore, the acid be nenfrflliai^ ^o^<5outratioju If 

-- = the 
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yeast (drying by exposnre to air is siiflS,cient) a« well as from 
fresh yeast The extract also contains inveitase 

Mehbiose is decomposed by mellblase, which, accordmg to Ban, 
is usually present m bottom-fermentation yeast but is often absent 
in top-fermentation yeast 

Lactase splits up lactose mto one molecule of glucose and one 
of galactose It acts best at the neutral pomt about 7) Will- 
stutter, by oultivatmg yeast, more particularly Sacck fragihs {e.g , 
in yeast decoction and lactose), found that lactase can be most 
readily obtained from fresh yeast by grmdmg for ten minutes 
with chloroform and subsequently diluting the hquefied yeast with 
water while contmuously neutrahsmg with 1 per cent ammoma. 
After leav ing it to stand for two or three days, the lactase solution 
is filtered off Air-dried yeast can be similarly treated with water 
and neutrahsed, and the lactase solution separated by a centrifugal 
after twenty-four hours 

Research by Armstrong, Slator, Harden, Euler, Wfilstatter, 
Steibelt, Sobotka, and others has demonstrated that yeasts mcapable 
of fermentmg galactose may acquire this property if grown in a 
nutrient hquid containing the sugar 

Certain yeasts — e.gr , Sacch Logos and S Pombe — were shown 
by P. TnntlnRr to be able to ferment dextrmes, bodies mtermediate 
between starch and maltose 

The combining of phosphoric acid is effected by a particular 
enzyme, which was examined by Euler and called by hiin phos- 
phatese ; he found that it can at any rate be partially separated 
from the other enzymes, and that it displays its ma ximum 
activity m weak aJkahne solution As mentioned in the chapter 
on Theories of Fermentation, the formation of a hexose-phos- 
phate m alcohohc fermentation was observed by Harden, who 
also found it to be agam spht up by a special enzyme, phosphatase, 
present m fairly considerable quantity m yeast juice 

The proteolytic enzyme, endotryptase, plays an important part 
111 the li£e-history of the cell, more particularly in regard to 
so-called auto-digestion Beijermok, as well as Hahn and Geret, 
considers this enzyme to have a purely mtercellular activity and to 
be mcapable of hberation until the cells have died , WiU, oh the 
contrary, beheves that his numerous experiments justify the 
conclusion that the hquefaction of gelatme by the action of this 
enzyme is a function of normal cells, under defimte conditions, 
not yot completely known, thus, some anomedm cells were 
found to liquefy gelatme qmckiy m Bottoher’s moist chamber, 
but no dead cells were foimd m the hquefymg colonies ; further, 
observations made by Will on yeast growth at low temperatures 
suggest that the proteolytic enzyme can diffuse through tto ceU 
In yeast jmoe it was shown to exist by Buchner ^d Eato. 
It has Its optimum at 40°-46° 0 , and is destroyed if heated for 
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an hour to 60° C. , it is more stable in the dry state It resists 
weak antiseptics and acids , neutral salts favour its action , sacchar- 
ose checks its action at 5 per cent strength It is destroyed by 
36 per cent strength 

Buchner and Hahn, observing that boiled yeast-] uice not only 
protects the zymase, but also the albumen of the juice against 
attacks by the endotryptase, beheved this to be due to a special 
antiprotease, the presence of which could be demonstrated m a 
cold aqueous extract of acetone yeast evaporated ^n vacuo. They 
also showed that the co-enzyme m the boiled juice can be destroyed 
without detriment to the antiprotease By boihng yeast-]uioe 
for 7 to 8 hours, so as to destroy the co-enzyme, Haehn and Schiffer- 
decker prepared a “ protective jmae exertmg a strongly activatmg 
influence on the Z 3 anase This ]uice further contains an activator 
of the co-enzyme, associated with an anti-hpatic agent The 
co-enz 3 rme is very sensitive to lipase.* As weakened yeast-jmce 
may be invigorated by admixture of common boiled juice — boiled 
for a short time only, and consequently stall containing the co- 
enzjmie — it may be assumed that the co-enzyme is first attacked, 
the zymase properly so-called still remaining undestroyed , hence 
it would appear that it is hpase which attacks the co-enzyme 

Reducing enzymes are also found m yeast cells, and amongst 
these must be classed the enzyme which converts sulphm* mto 
sulphuretted hydrogen f Accordmg to Nastukoff, Osterwalder, 
Schander, Will, and others, it occurs m very different degrees of 
activity m the various yeast species 

The reducing action of yeast has acquired considerable mterest 
from recent researches on fermentation Thus, yeast juice and 
yeast itself were shown by Harden, Hahn and others to act upqn 
methylene blue, which is quickly discoloured even m highly con- 
centrated solutions Harden and Norris found that dried yeast lost 
its power of reduomg methylene blue when it is washed with cold 
water and, as noted above, that it recovered this power on addition 
of aldehydes. 

In this connection must be mentioned yeast catalase, discovered 
by 0. Loew It hberates oxygen from solutions of hydrogen 
peroxide, and can be extracted from the cell by means of water 
and glycerine It occurs m yeast juice, and also m the juice ob- 
tained by autolysis of yeast 

Pinally should be noted the special enzyme m the cell which 

* One or more imperfectly known enzymes believed to take pert m the consumption 
and the secretion of fats m the oells 

t In both beer and wme sulphuretted hydrogen may occur (m wme the disease is 
called “Bockser"), more particularly at the end of the fermentation As both 
the grapes and the wme and beer casks are treated with sulphur, it may find its way mto 
the liquid, but even m the absence of free sulphur or sulphur compounds, the albmmnoids 
of the nutritive Iiqmd and the contents of the cell protoplasm may provide material 
For the formation of sulphuretted hydrogen Certain experunents appear to mdicate 
that a diseased condition of culture yeasts may cause the disease 
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effects the conversion of glycogen — glycogenase* It is not secreted 
from the cell. 

Action of the Yeast Species on Carbohydrates and 
other Constituents of Nutritive Liquids. 

Diseases in Beer. 

The first decisive proof that species of Saccharomyces may 
prodnoe several distinct reactions on the nutritive hquid was given 
by means of pure cultures of yeasts prepared by E C Hansen 
in 1883, and by the author 

Hansen’s epoch-making researches on disease yeasts proved 
that amongst the wild yeasts there axe groups which bring about 
detrimental changes m beer, whilst others proved to be harmless. 
Amongst the former there are some which impart a bitter taste 
and disagreeable odour to beer {Sacch Pdstonanus I ), usually 
without producmg turbidity, whilst others {Sacch Pastonanus HI. 
and Sacch dlypsoideus II ) **= only fuUy develop their activity at a 
late stage of the secondary fermentation, and then make the beer 
turbid. This effect is due to an abundant yeast deposit formed 
a comparatively short time after the finished beer has been drawn 
off, which rises at the shghtest movement of the hquid. These 
disease yeasts cannot produce turbidity if they only come m 
contact with beer at the close of the prmcipal fermentation It 
IS possible, however, if the beer comes m contact with the two 
species after stonng, that an infection with young cells of S dlips 
II, might produce turbidity The disease yeasts which influence 
the odour and flavour of beer are only of importance when they 
occur at the beginning of the principal fermentation The chief 
dangei* hes m the pitching yeast Weakly fermented beer is much 
more hable to attack than other beer Becker made the mterestmg 
observation that certain wild yeasts, which impart a bitter taste 
to beer, are capable of influencmg the attenuation when mixed 
with culture yeasts. The fermentation is mcreased and m certam 
oases extends over a longer period than with the pure culture 
yeast. Wild yeasts can also bring about disturbmg effects m top- 
fermentation breweries. For mstance, according to de Bavay, the 
summer-cloud ” * of Austrahan beer is caused by a Sacchwro- 
myceteSf which causes turbidity, and imparts a bitter and slightly 
acid taste. In Enghsh high-fermentation beers the author found 
yeasts of the Saccharomyces armnalus type which produced tur- 
bidity , m weakly-fermented, Danish, high-fermentation beers, 
Torula species havmg similar properties occur. Similarly van 
Hest found species of Torula producmg turbidity m top-fermenta- 
^ tion Dutch beers Chapman found that Sacch, Past 1 occurs m 

/ . ^ We retain the original names o£ these species, givmg the now accepted nomenclature 
m the special ohapteis 
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Eiigli'-h beer, and gires the well-Jkaown biiivr tasir kiiitwn >» • 
' vea^t bite.’’ jBVew observed that fcho “ steuoh of t'lnuh -h 
which have undergone secondary feriHcntitttu'U, <lut* t«» 
'Uijthuterted hydrogen or a similar substance, is <I('ri\'cd from 
-p«.*ialwild yeast, Sacch. foetidiis I It xs well known in (In* (mile* 
tli.it ellips. II and other species may produce iliweiise even 
wliPii the infection first occurs m the storage casks, tnmspori ea'ilv «, 
tn bottles. Reference mnst be made to the fact tlia(. mi\( tires uf 


culture yeasts, each capable of- producing a good prodtu'i, , 
aceoithng to Hansen, produce dbseaae in boor. By (.In* iHi* of 
mixtures for pitching yeast it was found that tho species prt'scnl. 
in smaller quantity rendered the beer mom liable to (urliidiiy, 
in comparison with fermentation caiTied on witli the leiuUnj' 
-pecies alone Even when the two species wore soparutc'l,!' 

<iQd the beers mixed for the first time in tho storagt* casks, similar 
phenomena were observed 

Pichi has found species producing disease m wine, 

U the storage casks of lager beer, Laiat* found a Jtiiddiijg fungm 
of the Jlycoderma type, which produced aootic acid. 
r ^ moulds react differently upon various oarlmhvdrntes, 

t'4f ttl f researches of Hansen and otkers 

oharactoristlcH. In nddilitm 

the roStf w ceremaia^ iiaccL (ipU'ulatna. 

grlpS j^ ^ ^onilm, are renewed m the folk. wing jmra- 

avfoDowsrlirher^'Silw^ /. and 11.) behave 

into invert sugar and ootjvcrt sai'C'haroso 

and dextroiXt 

ferment eriffitiia tit, ittii, 

dent^o. mnl Imvnlt*.,, 
»«rting ennjme, •nT’S’ PO"™'™ iii> 

feeM^etmentderttosnandlrntdoee “ ”>■ '"‘‘y 

Sbte / ^ *>“' '«“■ 

"e inoa^ of ““"'-‘P 
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Momha caTidida, although, possessing no inverting enzjrca© 
soluble in water, ferments saccharose, maltose, and dextrose- 
It ferments beer-wort, but at ordinary room temperature it only 
yields the higher percentages of alcohol at a much slower rate 
than the Saccharomycetes 

In mdk, various budding fungi have been foimd Of these, 
Grotenfelt, Dombrowski, and the author have described certain 
Saccharomycetes , Duclaux, Adametz, Kayser, and Beijermok 
several non-Saccharomycetes They all decompose lactose. 

Fermi found that certain red and white yeasts exercise ^ 
diastatic action Morns ainved at similar results m experiments 
with pressed yeast 

If we now review all these different properties of the Saocharo- 
mycetes, we shall see that they fall mto two groups — 

I Those which possess an mvertmg enzyme and induce alcoholic 
fermentation This group is further subdivided onto — 

(а) Those which not only ferment saccharose and dextrose, 
but also vigoroualy ferment maltose the six species first described, 
by Hansen, and the yeasts employed m the brewing mdustry 

(б) Those which ferment saccharose and dextrose, but nob 
maltose — e g , Sacch MarxianuSy Liidwign, and €x%guus. 

IT. Those which do not possess any inverting enzyme, com- 


prismg — 

{a) Those fermentmg maltose, dextrose, and laevulose — e-gr., 
Sacoh octosporiis 

(b) Those fermentmg only dextrose, such as Sacch, mah Duda/uoc, 
Sacch unis'porus and apiculaius varieties 

(c) Those producmg very weak, if any, fermentation m dextrose 
and Isevulose — e g , Sacch membrancefaciens 

The budding fungi which do not form endospores (non-Saccharo- 
mycetes) show the greatest variation regarding both inversion and 
fermentation. 

I The great majonty do not ferment maltose Many of tJaes© 

induce a more or loss vigorous fermentation in solutions of dextrose 
and mvert sugar Some Torulas invert saccharose, and many 
possess no mvertmg ferment {Mycod&trm Torulas, and 

apiculaius vaneties) i 4. j 

II Torula novea carlsbergice, and a few of the species iso^tea 

by Will, ferment maltose One species (Momha (mid%da), resemblu^ 
Torula, ferments maltose as well as saccharose and dextrose. It 
contains no tnvertmg enzyme soluble m water ^ , 

The laotose-fermentmg Saccharomycetes and Torulas demano. 


si)eoial classification ^ , 

When we consider the behaviour of these fungi m the fermenta- 
tion industries, it will be seen at once that it is only m the genus 
Saccharomyces that species occur, which rapidly an^d vigorously 
ferment maltose Yeasts for brewenes and distiUenes must. 
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therefore, be selected from the true Saccharomycetes The non- 
Saccharomycetes, the great majority of which cannot ferment 
maltose, are scarcely capable of playing any important part m 
these mdustnes , on the other hand, they may be employed m the 
manufacture of wine from grapes, currants, and other frmt, as 
several species are able to induce just as vigorous a fermentation 
in solutions of dextrose and invert sugar as the Saccharomycetes 
Amongst the carbohydrates synthetically prepared by Emil 
Eischer, isomaltose may be mentioned For some time it played 
a great part m the hterature As is well known he discovered 
this sugar in the products of the action of hydrochloric acid on 
grape-sugar at a low temperature The name isomaltose signifies 
a constitution similar to that of maltose The sugar is known 
only m the form of an osazone Even the existence of Fischer’s 
isomaltose has been questioned, as it was considered to be impure 
maltose By a fresh investigation, however, Fischer succeeded in 
proving biologically that this sugar is sharply distinguished from 
maltose by the fact that isomaltose is neither fermented by fresh 
yeast nor spht up by the enz3rmes of yeast, and he asserts that it is 
only possible to differentiate with certainty between the two sugar 
species m this way 

The different action of the Saccharomycetes on the same nutntive 
hquid (wort or must) under identical conditions, has been further 
studied by Borgmann, Amthor, and Marx 

According to Borgmann, the chemical reactions brought about 
in wort by the two Carlsberg bottom yeasts, No 1 and No 2, 
show a striking difference These two species — ^which had been 
in use for some time m the fermenting room, and were still prac- 
tically pure — ^were employed for pitchmg two fermentmg vessels 
contaxnmg wort from the same brew ; the fermentation took place 
under conditions which enabled a true comparison to be made, 
and the resulting beer was stored as usual The differences m the 
chemical reaction were especially noticeable m the proportion of 
free acid. Thus — 

No 1 No 2 

iEVee acid (calculated as lactic acid), 0 086 0 144 per 100 o c 

Glycerine, . . . 0 109 0 137 „ 

As a result of these experiments, Borgmann pomted out that 
the ratio between the alcohol and glycerine m these two beers 
differs from that previously found m beer, the ratio obtained from 
previous analyses bemg — 

Alcohol Olycerme 

Maxunum, . 100 f> 497 

MmimuTn, . 100 4 140 

whilst the Carlsberg beers gave the foUowmg ratios — 

Alcohol Glycerine 

100 2 63 

100 3 24 


No 1, 
No 2, 
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It must be admitted, as Borgmaim remarked, that good beer 
may be produced by a method not open to criticism, in which the 
ratio of alcohol to glycerme may sink below the previously-admitted 
minimum 

A senes of the eight different species of 8a(xTiar(myoes, and 
amongst them six culture yeasts, all m absolutely pure cultures, 
were examined by Amthor with reference to their chemical action 
on beer-wort The fermentations were conducted m Pasteur 
flasks of one htre capacity under identical conditions, and formed 
two senes, one corresponding to the primary fermentation m the 
brewery, and the other to the secondary fermentation The amount 
of alcohol, extract, the specific gravity, attenuation, glycenne, 
mtrogen, reducmg substance, and degree of colour, were deter- 
mined m the fermented worts The tables show palpable differ- 
ences m the chemical reactions brought about by the different 
species The percentage of alcohol vaned withm the limits of 
4 34 and 0 02 by volume (3*55 to 5 94 at the end of the primary 
fermentation), the extract from 8 27 to 11 *23 (8 49 to 11*61 at the 
end of the primary fermentation), the attenuation from 36 •? to 
53*3 (28*8 to 62*1 at the end of the primary fermentation) , the 
percentage of glycerme showed very striking differences, and 
fluctuated between 0*08 and 0*15 , likewise the amounts of mtrogen, 
reducing substance, and to some extent even the colour mtensity 
showed considerable variations 

^Hiepe'^drew some mteresting parallels between the action of 
a number of culture yeasts and wild yeasts on the sugars For 
this purpose he mstituted fermentations in sugar solutions con- 
tainmg yeast decoction He took out the first sample five mmutes 
after the fermentation had been mduced, and then fresh samples 
every day, till the fermentation had subsided In each sample 
the amount of (1) mverted sugar, (2) fermented extract, (3) fer- 
mented dextrose, and (4) fermented Isevulose was determined 
In these four respects well-marked, specific differences developed 
in the course of a day Thus, in five mmutes an English h^h- 
fermentation yeast had mverted 1 95 per cent sugar, whilst a 
low-fermentation yeast from the author’s collection had mverted 
58 85 per cent A complete mversion of the sugar with two low- 
fermentation brewery yeasts took place m the course of about 
twenty-four hours, whilst m the case of Sacch exiguus this reaction 
required eleven days , for the other species the time required lay 
between these two limits The detailed tables, given by Hiepe, 
show that successive fermentation of the total quantity of 
extract, as well as that of the two sugars, takes place according 
to a scale peculiar to each mdividual species. A glance at the 
numerous details of the experiments further shows that the fer- 
mentation of dextrose, as a rule, begins much more vigorously 
than that of Isevulose ; but whilst the fermentation of the former 
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re.iehe-> its maximum on the second day, the formiuitulion of 
laivulo&e does not leaoh its highest activity until Jator, tn sotiu' 
-pecies even as late as the fifth day , by alow dogi'<'(*a ilic f>ri» 
jjortiomite amounts of sugar fermented approaoli each other, iiinl 
finally both sugars disappear simultaneously. 

The j'easts also vary m the amount of acid ]m)(lu<u*(l in (In* 
nutnent liquid From this pomt of view Prior OAHiniiicil the 
fermentation products of a number of brewery yeasts and wild 
yed^.s in hopped wort, and found that the amounts of aiiiil formed 
varied from 4-7 to 10 c c. of deomormal caustic soda solution per 
I<Hf c.c. of fermented wort, the fixed organic acids vnrifsl from 
2’1 to 0-4 oc, the volatile organic acids from 2*1 to .'(•H <*.<•, 
The evidence shows that, m culture yeasts, tho amounts of li.xeti 
o^amc acids usually exceed those of volatile acids, wlu'i’c'ns in 
Han^ns wild yea^ species {Sacoh Paslwumm J L, ixud HI. 

reverse is tho oaso, the volutllt' 
acids exceeding the amount of the fixed acids • this is sncchiltv 
the case vith ^accA. Pastarianus I ’ ^ ‘ 

A la^e number of Saccharomyoetes occurring in must were 
ai^ed by Marx in 1888 both morvhnlno 



and to high temperature. ^ resistance both to various aohls 

I'uro 

the time taken by the specific diCTciroruiOH in 

composition of thJwiiaq,^?!^ ’ u ^ chemical 

by Jacquemin, Eommier, ^ve also boon obtained 

MiiUer-Thurgau in Switzerland Wni+ ^'^^otsoh in Franco ; 
"■any; Itak aad PorXm «<"■- 

so4! 

^on of ^e^'yeaS'^ 

general upshot of hia JIo 

types of ^nvme diiJoronooH 

they can be deteSied merS? so /?ro»di 

chemoal a„»ly,S, ,} 

^er, they are of such a W S ouHoa, J.ow- 

^ regardless of ita 
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of propagation of the chosen type , on the other hand, it is in 
itself independent of the origin of a particular must In any 
given must, whether it he an excellent, or an indifferent nutrient 
medium for the wine yeast, one given race of yeast will multiply 
more freely than any other 

An extensive comparison of the amount of extract contained 
in a number of wmes fermented with three different yeast species 
showed that m the same must, the “ Wurzbarger ” yeast consumed 
the smallest quantity of extract , next came the “ Johannisberger, ’ 
whilst the “ Ahrweiler ” yeast used up the largest amount of extract, 
and accordingly left the smallest residue in the wine 

The specific activity of wme yeasts is clearly brought out in 
the formation of glycerme, which has a predommant influence 
in determining the flavour of wme The three species mentioned 
above, were compared m a large number of musts of different 
ongm, and it Was found on the average, that Wurzburgar yeast 
formed more glycerme than the other two , of these, the Johannis- 
berger yeast was superior to the Ahrweiler, which, as already stated, 
ferments the extract most vigorously. 

The diffei’enoe observed between the chemical activities of 
these species was emphasised by the fact that the Wurzburger 
yeast had multiphed most feebly This example, inter alia, shows 
that alcoholic fermentation of must is mdependent of the formation 
of glycerme It is, therefore, impossible to estabhsh a defimte 
relationship between the contents of glycerme and alcohol m wme_ 
Both the percentage of mtrogen and of ash proved to vary in 
wmes fermented with the three kmds of yeast. 

The acid content was highest in wmes fermented with Wurz- 
burger yeast, and was praoticSly equal for the other two kmds 

In accurate comparative experiments, a large number of species 
differed widely with respect to the amount of alcohol produced 
in the hquid , those yeasts having the shortest fermentation 
period yielded the smallest percentage of alcohol, and conversely. 

With regard to the bouquet m wme, Wortmann and MuHer- 
Thurgau distmguished between that which originates m the grape 
“ grape bouquet ” — and that which is produced as a result of the 
activity of yeast — “ fermentation bouquet ” In some wines the 
grape bouquet is so strongly developed that the fresh bouquet 
formed by the action of yeast on certain bodies present m the 
grape plays only a subordinate part m deterrainmg the character 
of the wme In other wines, where the grape bouquet is not so 
strongly developed, the fermentation bouquet may greatly influence 
its character The result of applying a pure “ a 

yeast will, therefore, differ with different wmes In the first group 
of wmes the influence must be regarded as an mdireot one m 
that the pure culture suppresses foreign organisms, which might 
rnflfiV the true grape bouquet, whereas the fermentation bouquet 
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U have but httle influence on the wine In the fermentation of 
3h wines the best results will be obtamed by using yeasts from 
3 locality It IS quite otherwise with the second group of wines 
ith such musts possessing no outstanding characteristics, the 
plication of specially selected yeasts will exercise a directly 
rourable influence on the flavour and on the whole character 
the wine The long expenence of the author has fully established 
3 fact that both the quantity and the vanety of the fermentation 
uquet may be increased by such means 

The fermentation bouquet differs with each yeast species, but 
ither its quahty nor quantity stands m direct relationship to 
fermentative power , nevertheless a certain uniEonnity appears 
exist among races of yeast in their action on any given wme 
Kayser compared the products of several types of wme yeast, 
i found that the formation of volatile acids at higher temperatures 
Eered for each species. Thus, with a rise m temperature, the 
antity of these acids mcreased with one species and decreased 
ih another 

Ventre studied the action of four races of wme-yeast occurring 
ncipally in Southern France (Beaujolais, M6doc, Eomanee, and 
rzenay), employed by him to set up fermentation m natural 
I artificial media He conjSrmed the results arrived at by earher 
rkers — namely, that the fermentation products of one and the 
ae yeast vary according to the composition of the particular 
pe must in which it is grown He then studied the question 
the fermentative power possessed by each particular yeast, and 
this purpose he used * — 

(1) Must, both m the fresh state and stenhsed , 

(2) A neutral nutrient hquid contammg 170 g of glucose, 2 
extract of malt-culms, 0-5 g malt-peptone, 0*5 g yeast ash, 

di-ammomum phosphate per htre , 

(3) An acid nutrient hqmd containing like the foregomg hqmd, 

I g glucose and so forth, but having an acidity of 6*3 g per 
e, expressed as sulphuno acid, but produced by addmg 4 g, 
jaric Eicid, 5 g malic acid 0*5 citno acid, with 1-85 potassium 
bonate 

Each of the four species was characterised by a marked difference 
the yield of glycerme and succimc acid, and also m point of 
3nuation The M6doo yeast yielded a higher amount of dry 
ract m the wine than did any of the other races , yet the extract 
not contain any residual reducmg substance Some of 
species showed a marked propensity to produce volatile 
Is The fixed acids in the hquid were attacked differently 
each species, 

Oonceming the use of pure cultures m practice. Ventre draws 
following conclusions : — ^A thorough knowledge of the chemical 
vities of the different species is of essential importance in 
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making a selection. As an example of the value of organoleptic 
characters, he points out that m hot countries, ivhere lack of 
acidity is the general rule, it is advisable to use yeasts like that of 
Champagne, which are capable of preserving the freshness of the 
product, whereas m cold chmates, where the acidity is generally 
high, it is reasonable to select yeasts that tend to lower the acidity. 

The numerous investigations earned out oontmuously, smee 
1884, m the author’s laboratory, with pure cultures of yeasts, as 
apphed m the vanous branches of the fermentation industry, 
have furnished ample opportunity for ooUatmg experience relatmg 
to' the chemical activity of species, and their respective powers 
of rdainirjig their peculianties intact during storage, a matter of 
importance m every branch of the mduatry. Numerous instances 
have been met with m which even feebly-pronounced characters, 
manifested through taste or smell, remam inherent after several 
years’ preservation of the culture imder proper conditions, they 
can even be restored by skilful development of the culture under 
favourable conditions 

The Products of Alcoholic Fermentation. 

It has already been stated that saccharose can only be fer- 
mented after the intervention of invertase has caused its hydrolysis 
into glucose and Isevulose. The same holds good with regard to 
maltose, which is spht up mto two molecules of glucose In a 
sundar way lactose is hydrolysed by certam species of yeast before 
aloohoho fermentation takes place Other sugars (the hexoses) are 
directly fermentable Of these, the commonest is glucose or 
dextrose (grape-sugar), which is fermented by every known species 
of alcohoho yeast This also apphes to Isevulose or fructose, which 
is so widely distributed in the vegetable kingdom, and usually 
occurs m conjunction with glucose 

The prmcipal product of fermentation is alcohol, more par- 
ticularly ethyl alcohol In 1816 Gay-Lussac first established the 
true character of the reaction when he showed that cane-sugar 
(more correctly grape-sugar) gave SI- 11 per cent of alcohol and 
48*89 per cent of carbon dioxide on fermentation Pasteur showed 
that by-products always occur, and that part of the sugar is utilised 
for the nutrition of the yeast, so that it is never possible to convert 
the whole amount of sugar mto alcohol and carbon dioxide 
Pasteur’s results were 48*3 per cent of alcohol and 46*4 per cent, 
of carbon dioxide, which agrees well with recent determinations , 
showing that virtually equal quantities of alcohol and carbon 
dioxide are formed 

• Aoooidmg to resoaiohes by WiUstatlor, cortaui yeasts are capable of diKctlytei- 
mouting maltose and lactose, respoetively In fact, by deternunmg the length of time 
re(iuirod for diHeiont onzymatio reactions, he found that termentation set up by yeasts 
poor m naaltnae or lactase greatly outruns hydrolysis 
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Rayman and Kruis proved that beer which had been subjected 
to fermentation with absolutely pure cultures, and kept for somo 
years at normal temperature, contamed only ethyl alcohol, but 
when air was introduced and the yeast formed a film, the alcohol 
was decomposed mto carbon dioxide and water 

Glycerine occurs m varying quantities, and, according to Wort- 
mann and Laborde, this does not depend entirely on the decom- 
position of the nutritive liquid, but more particularly upon tho 
yeast species Its production is favoured by a high temperatures 
of fermentation, and by a greater sugar concentration, or m general 
by the use of a nch nutritive fluid. It is almost impossible to give 
limits for the proportion of alcohol and glycorme. In wine fer- 
mentation the yield of glycerme varies usually from 2*5 to 14 
per cent, of the amount of alcohol produced, whereas lu boor it 
represents only 1*65 to 4-3 per cent of the alcohol By formonting 
sacch^ose with zymase Buchner and Rapp obtained oven smaJh'ir 
quantities of glycerme On the production of larger quantities of 
glycerine under special circumstances, see the chapter on Thooric^n 
of I'ermentation 

It shown by Rasteur that succinic acid is formed in vtuyiug 
quantities as a by-product of alcohohe fermentation. As indicated 
by F Ehrhoh, this acid is not a direct result of tho doooinjiositjon 
of sugar, but proceeds from the metabolism of tho albuminoids 
of yeast, and ongmates from tho glutammio acid fornuHl in Ibo 
fermentation process The amount of tho acid produced doixmds 
largely on the state of the yeast 

Lactic acid is found as a by-product in formcntatioiiK cairicd 
out witn yeast-juice or with hvmg cells 

Ivor’s detailed researches proved that the dittoront ramsH of 

aS ZiudTf “IT*'*'®®. xxon-volatilo 

acids. He found that acetic acid was a constant product of 

fementation An abundant production of volatile aowJ.s moi-o 
partic^arly acetic acid, was observed by Ostorwaldor in «ioiljaii 
mu^ fermented by oertam wine-yeasts 

Foi^o aoidM produced, according to Rayman aud Kriim l>v 
th^oxidising action of yeast on the aJbummoids of tho iiutritiv? 

(^taldehyde) also occurs regularly Ravmaii aurl 

film of yeast. Muller-ThSaZm +?« li, i ^ 
mentation, also found aldehvdfi for- 

of the sugar. Under normal ^ decompositiou 

into alcohol, but it can be isolated mZZ converted 

Mth potassinm msWphte °* >>y 

Ibtkyl *looLol, rften in Winnal fermentations, may 
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also be developed during a yeast fermentation, especially by the 
fermentation of gluoosides present m frmt juices. It also appears 
possible that propyl and butyl alcohol may be produced m a normal 
alcoholic fermentation, the former from lactic acid Especial 
interest is attached to the presence of amyl alcohol (isoamyl alcohol), 
•which forms the mam constituent of fusel oil ; accordmg to Ray- 
man and Kruis, it is produced in larger quantities at high tem- 
peratures and in the absence of air. Amyl alcohol is freely produced 
in liquor contaanTog grains which have been treated ■with sulphuric 
acid According to Ehrlich, fusel oil is formed in the ordinary 
growth of yeast from leucin and isoleucm, two cleavage products 
of albumen. It appears to be produced also in the auto-digestion 
of yeasts. 

We must also record the production of acetic other and other 
volatile and non-volatile ethers which help to impart a specific 
character to the fermented liquids 

Auto-fermentation. 

Pasteur’s researches indicated that yeast is capable of formmg 
alcohol and carbon dioxide under certam conditions, even m the 
absence of sugar from the surrounding hquid. By boiimg yeast 
with diluto sulphmio acid, he prepared a fermentable sugar which 
he bohevod to bo derived from the cell-wall 

Salkowski has proved that in reahty glycogen plays a part 
in auto-fermentation. Salkowski states that, by treatment with 
chloroform-water, glycogen is split up, but auto-fermentation 
does not take place. In the opinion of Harden and Paine, the 
velocity of auto-fermentation is moreased by any substance exerting 
a plasmolytic action on the yeast coH. Thus acceleration is effected 
by a solution of 5 to 0 per cent of common salt or ammonium 
sulphate, whereas, in deci-normal solutions, these salts have no m- 
fluonoe The normal fermentation of glucose, on the contrary, 
IS greatly retarded by addition of common salt Boijermok, 
•experimenting on a dough made of 2 parts of pressed yeast and 
1 part of water, found the maximum development takes place 
at 48°-4-9'' 0 , at 30° it was very slow. Auto-fermentation -will 
go on until the whole of the carbohydrate has been consumed ; 
the cell will then die. 

It is not only the carbohydrates, but also the mtrogon com- 
pounds, that are gradually resolved m the yeast cell. A con- 
tinuous demolition and ro-formation of albuminoids takes place 
in the cell. Under unfavourable conditions, such as lack of mtro- 
genous nutriment, or oxygen, high temperature, or the presence 
of toxic substances, demohtion will prevail or even entirely 
suppress construction, and thus there wiU take place an end^ 
proteolysis and mlolysis — self-digestion — whereby albuminoid 
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substances are decomposed by endotryptase and poptaso This often 
occurs while auto-fermentation is going on. A number of decompo- 
sition pioduets are thus produced — ^guamne, ademno leucine, tyrosine, 
ammoma, etc — as has been shown by the addition of toluene or 
ohloform to protect the yeast against attack by bactona. Tlic 
process results m a complete destruction of plasma. A rapid 
autolysis can be obtamed by placing pressed yeast in closed ?etn 
dishes at 48°-60° 0 , the yeast will be hquefied in a few hours 
In practice, auto-digestion may take place m the manufaotun* 
of pressed yeast, where decomposition of the yeast is frequently 
encountered without the occurrence of any bacterial infection. 
In this case, owmg to lack of nounshment, the coIIh gradually 
degrade their albuminoids The yeast mass is then more readily- 
exposed to infection bybacteria Cells neh m glycogen appi'aV 
to be le-sS liable to such decomposition. 


Fermenting Power ; Fermentative Energy ; Raising Power. 

The work earned out by yeast can be distmguishod under thri'C*- 
heads .—Activity of the enzymes, metabolism, synthoHis of 
material 

The activity of the enzymes is of a sugar-sphttmg, or hydrolysing, 
and proteolytic character As proposed by Neumann Wond(% 
the fermentmg power of yeast may be expressed in terms of the 
quantity of sugar which is spht up at a given temperature in unit 
time by umt quantity of yeast The fermentative energy may bc 
defined by determining the time required to decompose a given 
^antity of sugar by unit mass of yeast under spcciJic conditions 
ihe raising power ” is a function of the cai’bon dioxide evolvi'd 
by pressed yeast, whereby the dough is raised 

examples of determmations of this kind 
Fermenting Power.— Evolution .of 00» in twontv-foiir hours 
from 1 gramme of yeast and 40 c c of 10 per conk oaiio-sugar 
solution, at a temperature of SO® 0 ^ 

Energy.— Evolution of 00^ m tho Ist 2nd ‘b-d 
Md 4th h^-hour, from 10 grammes of pressed yeast m’4()() d o of 
10 per cent cane-sugar solution at 30° C ' ‘ 

by the 

Thr^ grammes of yeast are dissolved m 60 o o of distiliod 

itaBg it m the eylinder mnel be eS7nS«„?L^„‘’r 
the ,„l™e prodeced rftoeld be tead !e er^^S TOb 
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the aad of a smooth wooden pestle, the dough is then reduced to its 
imtial volmne, and again allowed to ferment for two hours, the 
expandmg volume bemg read off every thirty minutes 

Baking Tests are at present earned out with 280 g of flour, 
160 0 0 of a salt solution contaimng 4 g chemically pure sodium 
chlonde, together with 2 g. of sugar and 6 g yeast 

The sugar is dissolved m the saline solution at 30° 0 , and 
the yeast. then s birred in The resultmg mixture is thoroughly 
kneaded with flour for ten minutes, qmoldy rounded by hand, 
and put mto the shghtly greased bakmg tin at a temperature of 
about 30° C (the dough must not be squeezed mto the tin) The 
tm IS immediately placed m the fermentmg case, the temperature 
of which should be kept at 33°-35° 0 

The dough is first observed an hour After kneadmg is begun. 
The time taken for the nsmg dough to reach a rule placed across 
the tm IS noted m due course. 

Exactly two hours from the begmmng of kneadmg, the dough 
is baked 30 minutes at 230°-250° 0 m a laboratory oven 

The Biological Relationships of Yeast. 

The problem of the occurrence of yeast in nature was raised 
as soon as its vegetable character had been established The 
first researches on this question were tmdertaken by Brefeld m 
1876, who concluded that the yeasts are very widely distnbuted 
m natui’e, and that their germs are present m atmospheric air, 
m dust, and m vegetable matter, and that their breeding places 
are specially to be sought m the excrement of herbivorous ammals 
It will be seen from what follows that this view can no longer be 
accepted It is true, as the author has proved by his own m- 
vestigations, that the excrement of herbivorous birds contains 
numerous budding fungi, and amongst them Sacchcaromycetea, but 
their breedmg places must be sought m qmte a different direction 
In 1876 and 1879 Pasteur published complete memoirs regardmg 
the occurrence of yeasts on grapes, and stated that they were to 
bo found only on npe grapes At the same time he did not sueoeed 
m answermg the important question as to where the yeast fungi 
found a habitat during the remaining part of the year. He expressed 
the view that DemaUvm puUulans, which is found everywhere on 
grapes, lives through the wmter m the form of thick-walled and 
coloured restmg-cells, and produces new yeast cells in the followmg 
summer, but it is now recognised that these buddmg cells Are not 
wmo-yeast colls On the other hand, it was shown by the author 
in 1895 that other mould forms occurring on grapes, which resemble 
Dematmm, but do not possess thiok-walled restmg-ceUs, produce 
internal spores which develop budding Saecharomyces cells What 
part these moulds play in the preservation of the yeast vegetation, 
has not yet been determined. 
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Great unoertaiiity still existed regarding the all important 
'oblem of the habitat of the yeast during each season of the year, 
j was solred for a single species by E C. Hansen m 1880-81, 
id further research, of a detailed and fundamental character, 
eared up the question for so many other species that this 
iportant phase of the biology of yeasts is now fully understood, 
he researches of Hansen were first earned out on the small 
mon-shaped yeast-fungus, 8 apicvhMs, which always appears 
the earliest stage of wme fermentation. By microscopical 
lammation and culture experiments it was shown that during 
le summer months the organism appeared m vast quantities 
ith the npenmg of the sweet ]uioy frmts (cherries, goosebemes, 
-rawbemes, grapes, plums, etc ). On the other hand, it was 
ily qmte exceptionally that it was found on the unnpe fruit, 
s the organism was found vigorously buddmg on the npe fruit 
lecified, but never, or only very rarely on other frmt, and on 
eir leaves and branches, the fact may be accepted that these 
pe fruits act as true hosts to 8 a^icvlcMs This was further 
tabhshed by the observation that it is to be found without 
'.ception m the soil under cherry and plum trees, vmes, and 
:her frmt-bearmg trees upon winch the organism grows, but 
lat it 18 extremely seldom found m samples of sod taken m 
,her localities of a most varied character. The frmt falls to the 
’ound, and the ram washes the fungus mto the soil , the problem, 
len, IS whether it is able to hibernate there The answer was 
itained m two ways Eirst, numerous samples of soil were taken 
mng the course of the winter and sprmg at these localities, 
id m the vast majority of cases gave a vigorous growth of 
e orgamsm m wort. Secondly, cultures of ap%culcUvs were 
aoed with every precaution m the earth, and allowed to remam 
roughout the wmter. They were removed m the. spring and 
.rly summer, culture experiments proved that the organism 
as alive m every sample In this way it was established that 
e organism is able to hibernate m the earth, just as it had been 
’eviously shown that it only occurred m the soil of these particular 
^alities In later experiments of Hansen’s, vigorous cultures 
the organism were placed in the surface soil m well-sealed 
lamberland filter tubes. Three years later the contents of these 
bes were mtroduoed into sterilised wort, and a vigorous groirth 
the organism developed The hfe-cycle of the fungus may, 
erefore, be spread over more than one year. 

It still remained to be proved whether the earth is the true 
abitat m wmter This was deternnned as follows — ^Hansen 
'ammed dust in a great variety of places from January to Jime, 
so the dned fallen fruit of many trees, and lastly, many 
nds of excrement These analyses gave a negative result, and 
lus furnished the desired proof The soil under the specified 
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fruit trees must, therefore, be regarded as the true winter habitat 
of the fungus. It preserves its usual appearance throughout the 
long winter, and is then carried mto the air by the combined 
agency of insects and wind, and by such means of transport is 
distributed from frmt to fruit. 

It is obvious that dunng the period when a large number 
occur on ripe fruit air currents may carry the fungus to other 
looalitieB, and also on to unnpe fruit Hansen stated in his first 
memoir that the rare occurrence on unnpe frmt must be due to 
the fact that the orgamsm quickly dies off, partly through want 
of nourishment, and partly through the drying up of the cells He 
subsequently proved by experiment the correctness of this view. 
He distnbuted both old and young cells in water, and spread them 
either m a thin layer on an object glass or on a tuft of thinly spread 
cotton-wool ; thus allowmg evaporation to go on while the cells 
were protected from the sun In less than twenty-four hours the 
whole of the cells were kdled It is qmte obvious that mdividual 
cells spread over the surface of unripe fruit are exposed to more 
unfavourable conditions than m his experiments If, however, 
thicker layers of cells are covered by cotton-wool or filter paper, 
they remam hving, just as they do m the soil, for a long time. 
Thus they survive for more than eight months in filter paper. 

It was then possible for Hansen to demonstrate that the great 
majonty of yeast species must pass through a similar cycle m nature. 
Their most important breeding places are the sweet juicy fruits. 
Their winter habitat is the soil, and they are earned by wmd, rain, 
insects, and other creatures on to the fruit. They then multiply 
once more on sweet frmt, and obviously more particularly where 
juice oozes out from the fruit. Hansen further found that these 
yeast species often occur in the ground at places far removed from 
orchards, whore S. apimlalus can no longer be detected. 

MuIlor-Thm*gau arrived at the same results as Hansen with 
regard to 8 apiovilatus during an examination of wine species. 
He found that grapes are their chief breeding places, and that 
their presence may be detected m soil throughout the year. On 
the other hand, they seldom occur in the air. He further proved 
that cells of wme-yoasts may occur in soil at a depth of from 
20 to 30 cm. 

In 1897, Wortmann’s researches, recorded m his work on tho 
preparation of wine, were directed to determining the life-history 
of wme yeasts in soil at different seasons of the year The experi- 
ments were oontmuod for two years, and consisted m taking samples 
of soil every fourteen days from one and the same part of a vine- 
yard. By sowing the soil in Tsterile must, he obtained an idea of 
the flora. Flis main observation was, that directly after the 
vintage (in November and also in December), the samples of soil 
in must developed a growth of yeast so rapidly that no other* 
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fungi were able to develop In January, February, and March 
also a development of yeast was always obtained from the samples, 
but it occurred more slowly In sprmg and summer the conditions 
were always less favourable, and a longer period elapsed before 
fermentation began iSome samples, indeed, gave no yeast develop- 
ment, but only other organisms The least favourable conditions 
were observed m the late summer (August and September), but 
from the time the grapes began to ripen, vigorous growth was 
again observed in the flask Wortmann concluded that whole 
the wine yeast survives m soil, its nutritive state is of the greatest 
importance. Vegetation is most vigorous durmg the early stages, 
when it has been enriched with cells fresh from grapes — ^ e , m 
autumn, wmter, and the beginning of sprmg — whereas durmg 
summer, the most favourable period for vegetation generally, its 
activity IS constantly dmumsbmg, the cells havmg drawn upon 
their reserve material Accordmg to this view, yeast is dependent 
upon its own body-material durmg its habitat in the soil The 
lower temperature ensumg after the vintage allows metabohsm 
to go on so slowly that it enables cells to survive throughout 
wmter and spiing • 

In early summer, with increasmg temperature, the cells rapidly 
assimilate the remamder of the reserve substance, and consequently 
die off slowly Cells that are still ahve are weakened, and 
samples of soil, therefore, give a very feeble growth m the flask. 
Cells are contmuously carried by msects and other means from 
the soil to the vegetation, and those which hght upon the grapes 
when they are ripe find full nourishment and produce a new 
vigorous growth Wortmann was able to confirm Muller-Thurgau’s 
observations, that no wme yeasts are to be found m a vmeyard 
which has not been worked for a long time , they are gradually 
exterminated by exhaustion In those wme distncts where the 
culture of grapes has been contmued for centuries, the yeast cells 
which are conveyed from soil when the grapes are npe adapt 
themselves more and more to the excellent nutrient maten^, 
and m this way specially good races of wme yeasts are de- 
veloped 

In 1903 and 1905 Hansen obtained results which differed from 
those of Wortmann m an important pomt relatmg to the con- 
dition of yeast cells during their abode m soil which the latter 
regarded as a state of starvation This new and very detailed 
research led to the result that elhptical and Poston %anu8 forms of 
Saccharomyces (but not S apiciiZatvs) are to be found throughout 
the year m all kmds of soil m the neighbourhood of Copenhagen. 
Their number diminishes, however, at a distance from the orchards. 
A similar condition of thmgs was found by examining soil m the 
Harz Mountains and m the Alps. The soil m vmeyards is specially 
rich m yeast species, and the greater the elevation the smaller is 
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the number of organisms found Above a certain height no yeasts 
are found 

The reason for this wide distribution lies, as Hansen showed, 
m the fact that, in addition to the normal breeding places for 
yeast, there are others which he called secondary breeding places 
— e g , aqueous extracts from frmt and other vegetable matter, and 
from excrement In the former, the cells multiply .very rapidly, m 
the latter, feebly or not at aU. If yeast cells from sweet ]uicy frmt 
and from the upper layers of soil, where they form spores, are 
earned by mseots or by wind to distant places, they may, unlike 
S. ap^culatus, mamtam life even when dried, on account of their 
greater power of resistance In the same way they can multiply 
more readily in soil in the aqueous extracts already referred to, 
and may even preserve life for a longer penod in presence of nothmg 
but moisture Thus the fact is fully explained that the larger 
species occur much more widely distnbuted throughout the soil 
than the small lemon-shaped wme yeasts S anomaUis and S. 
membranoBfaciena are especially resistant to the eflEect of drying. 
They arc, therefore, found at great distances from the primary 
habitats In this way the fact may also be explained that fewer 
yeast species ai'e sometimes found m the sod of vmeyards than 
in the neighbourmg meadows The cells m the vmeyards are dried 
up and lulled, whereas in the meadows where the cells are protected 
from drying, life is mamtamed, and the cells multiply In such 
places cells also occur during the hot season of the year, and here 
their propagation goes on most vigorously Where the ground 
is subject to drought the variation brought about m the course 
of years may be altogether extraordmary 

The soil must, therefore, be considered the chief habitat of 
yeasts at every tune of the year They are earned from the earth 
by means of wind and rain, as well as by the action of insects 
and other creatures, to the sweet juicy frmts, where they multiply 
vigorously , a few fall to the earth agam, whilst others are carried 
to secondary places of incubation 

When the frmt is ripe the wild yeasts thus strongly developed 
find their way into the fermentation mdustry. It is only if they 
are allowed to remam, to multiply, and to obtain a secure footing, 
that they are capable of brmging about any disturbance m the 
mdustry Otherwise they are immediately suppressed by the large 
quantity of the culture yeast added to the nutritive liqmd 

Durmg their development on grapes and other jmey fruit the 
yeast cells compete for nutrition with many other orgamsms, 
including bacteria and moulds* These observations led Wortmann 
to adopt the view that the true importance of alcoholic fermenta- 
tion is biological Most of the competitors of yeast can multiply 
much more rapidly, and would soon suppress it if no means existed 
for restricting their growth. This means is supplied by the alcohol 
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produced by tbe yeast cells, -w^hereby they are able to poison their 
ftTiATmftg Wortmann showed how the poisonous action of alcohol 
IS apt to support yeast in competition with other organisms. During 
the early stages of the development of yeast in must a surface 
growth of various orgamsms can be observed Among these the 
^ a11 apiculate yeast is especially promment, and this soon brings 
about a fermentation The alcohol so formed suppresses most 
of the moulds The true wine yeasts now gradually begm to 
develop, and simultaneously the development of Mycoderma, of 
bactena, and of the DemaUum species, ceases As soon as the alcohol 
content rises above 4 per cent , as a result of the activity of the 
true yeasts, 8 apiculatus is suppressed, and the wme yeasts im- 
mediately take command of the field to such an extent that, in an 
ordmary microscopical examination, nothmg but their cells can 
be observed The most powerful alcohol-formers amongst the yeasts 
again gradually supersede the weaker species 

Temperature plays a great part m the life of yeast cells, and 
Hansen has made use of this relationship as one of the most im- 
portant means for chfiractensing the species 

In 1883 he proved that both the spores and vegetative colls of 
difEerent species possess different powers of resistance to heating 
in water In this respect the spores are more resistant than the 
vegetative cells 

'Ll such determinations the condition of the cells has a marked 
influence, and the result depends largely upon their age. Thus 
the two-day-old cells of 8 dlvpaotdeus II. grown m wort at 27“ 0. 
were killed on wamung to 66° C. for five minutes m sterilised dis- 
tilled water, whilst cells similarly prepared, but two and a half 
months old, were heated to 60° C for five minutes without being 
destroyed 

Bape spores of this species, developed at 17°-18° C , and partially 
dried for eight days at the same temperature, withstood heating 
for five mmutes at 62° 0 , but not at 66° 0 

The vegetative cells of 8. cerevtsice I. were killed by five mmutes’* 
heating at 54° C , and the spores at 62° 0. 

An mteresting classification of Hansen’s six species m relation) 
to any given temperature is obtamed by cultivating them m wort 
under conditions favourmg the formation of films. Thus, if the 
development is earned out at 36°-38° 0 , the three Pastormmw 
species are killed m eleven days, whilst 8. cer&omce I and the two' 
ellipsoid species re main alive Ikom this and similar experiments, 
it may be argued that the rule formerly accepted that top-fermenta- 
tion yeasts can develop at a higher temperature than bottom- 
fermentation yeasts has no general apphoation 

Kayser’s more recent work along the same hnes has confirmed 
liese results. He also proved that the species withstand oon- 
idderably greater heat m a dry than m a moist condition. Thua 
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a yeast species isolated from pale ale was killed m a moist con- 
dition by heating for five minutes at 60°-66° 0., whilst in a dry 
condition it withstood a temperature of 96°-105° 0., and in the- 
case of a wine yeast (St Emihon), the corresponding temperatures 
were 66°-60° G and 106°-11° C. The spores withstand tempera- 
tures 10° and even 20° higher than the vegetative cells. 

Vegetative cells which are derived from the heated spores show 
a somewhat greater power of resistance than normal vegetative- 
ceUs This increased power of resistance is not transmissible , by 
cultivation m beer-wort it disappears entirely in the second 
generation 

The temperature limits withm which budding of cells can take 
place in wort were investigated by Hansen The upper limit for 
S. Past I IS 34°, C , foi 8. membranoRfacims 35°-36° 0 , for 8~ 
anomalus and 8 lMd,vAgi% 37°-38° 0 , for jS Past. II , III , and 
8. (M. I., II , and for 8 cerev, I about 40° C , and for 8. ma/manus 
46°-47° 0 The lower hzmt for each of these species is 0 6° C , 
with the exception of 8. ctreo. I and 8. Ludmg%i with a limit of 
l°-3° C. Muller-Thurgau found that the wine yeasts that he 
examined are mcapable of propagation at temperatures above 
40° 0 

It is, of course, impossible to estabhsh any one temperature 
that shall serve as the optimum for the growth of yeast cells, 
because the composition of the nutntive hquid is of more importance 
than it is m other relations The formation of new cells in the 
same hquid goes on at a (bniimshmg rate when the development 
proceeds at a constant temperature, because the mcreasmg 
quantity of the products of metabohsm and the simultaneous 
impoverishment of the nutntive fluid acts restriotively upon the 
growth, especially at higher temperatures An approximate tem- 
perature of 28°-30° 0 is found to be favourable for the develop- 
ment of many species. Without doubt the species behave differently 
in this respect as well as m regard to the maximum production of 
yeast which can be developed from a given mooulation 

Many fermentations take place m the mdustry at lower tem- 
peratures , mdeed, m the case of bottom-fermentation brewenes, 
very considerably lower than the optimum for the multiphcation 
of the cells. In order that fermentation may be completed at so 
low a temperature withm a reasonable time, and before other 
orgamsms have an opportimity of iofecting the hquid, relatively 
large amounts of yeast are mtroduced, and propagation is assisted 
by aeration At times the pitching yeast is first placed m a smaller 
quantity of the liquor at a higher temperature (about 20° 0.),' 
flowed to grow for a few hours, and the newly-formed and vigorous 
cells are then mtroduced into the cold hquor There appears to 
be a tendency to forego the extremely cold fermentations once 
customary m many places In distilleries, where fermentation 
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proceeds at a higher temperature, it is often necessary to tako 
special precautions to avoid a considerable nse m temporaturo 
dunng the first stages of the feimentation , otherwise the pro- 
pagation of cells ceases too soon Consequently the growth would 
be so enfeebled that it would be impossible to cany the fermenta- 
tion to completion 

Variations in the Saccharomycetes. 

The numerous investigations by Hansen and other mvtmtJi 
proved that the Saccharomycetes are affected in vaiying degree 
by external agents, and that it is possible by suitable treatment 
to brmg about variations along different hnes Even the nifli- 
vidual peculiaiities of cells m a pure culture may be of importance 
in this respect Some of these changes are only evanescent. liy 
suitable cifitivation they disappear, and the species returns to its 
ongmal condition Others are more deeply seated, and it is only 
by a special treatment that the culture can be deprived of its 
newly-acquired properties In certam cases, it is found impossible, 
even after years of methodical treatment, to cause a growth to 
revert to its ongmal state 

1 The tunes given for the appearance of the first indication 
of spores are based upon the imderstanding that the growth lias 
been cultivated at 25° C for twenty-four hours m wort In 1 8811 
when Hansen published temperature curves for his six spooios, lie 
found that growths which had been developed for two days mstoad 
of one, at the same temperature, developed spores more slowly 
and less freely then usual If, however, they are subsequently 
treated m wort m the way described, the normal conditions are 
re-established This forms an example of a very feebly -rooted 
vanation 

2 In a gelatme culture, Carlsberg bottom yeast No 1 is often 
found m both oval and elongated sausage-shaped cells. If a colony 
derived from each of the cell forms is transferred to flasks con- 
tammg wort, a growth is agam obtained oonsistmg partly of oval 
and partly of elongated cells Hansen’s experiments proved that 
the latter when cultivated in new flasks retamed to some extent 
the sausage-hke form, and when transferred to the pure culture 
apparatus the growth contmued to show a mixture of such colls, 
but when the yeast was then conveyed to an ordmary fermentmg tun 
toey disappeared The vanation m this case is, therefore, a more 
deeply seated one It only ceases when the yeast has been traus-. 
lerred through a senes of fermentations Another example is. 
shown by a bottom yeast which, after a long penod of stunted 
growth, Md been propagated m wort at about 27° 0 , and formed. 

TOth a nomal appearance, whilst the growth cultivated at, 

7 5 0 gave entangled colomes with mycehal branchmgs. This 
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•' forms a strilring example of the effect that temperature has upon 
the form of cells 

3 Hansen’s observations of S Ludwigii supply an iUustration 
of a far-reaching change m the character of the cells. If single 
mdividuals aro grown as pure cultures, growths are obtained which 
show a marked difference in their power of spore-formation By 
systematic selection of single cells, Hansen succeeded in producmg 
growths which gave no spores under the usual conditions, and 
conversely, it was possible to select a yeast colony derived from a 
cell containing spores, and by further cultivating the colony to 
obtain a growth which possessed the power of freely generating 
spores. By such systematic choice the species was divided mto 
three forms — one distmguished by its vigorous spore-formation, 
another by the fact that this power had almost disappeared, and 
a third, which could not form spores. By frequent infections in 
wort the third form reverted to the power of for min g spores This 
took place slowly, but when Hansen transferred it to a 10 per cent 
dextrose solution with yeast decoction this property was instantly 
restored. 

In other speoios, varieties which have lost their power of sporo- 
formatiou completely, or in part, may make them appearance, 
without any known cause, both in liquid and on solid nutnent 
media. In some cases (e.j/., 8. Lvdvdgii) that power is restored if 
dextrose is added to the nutrient liquid Similar observations 
regarding asporogonosis have been recently made by Beijermck on 
8, octoapmui 

If a pure culture of brewery yeast is developed m a wort which 
has not boon afiratod after stenlisation, it generally loses its normal 
“ broalang ” and olarifyiug properties, under brewery conditions, 
and thiH*to a degree dependent on the species. These new vanations 
must often bo cultivated through a great many generations m 
ordinary brewery wort before regaimng the ongmal quahties of 
the spooiOH. As aeration brings about ohanges m the chemical 
composition of the wort, it is evident that the effect on the proto- 
plasm IS duo to such circumstances 

Tho author of this book showed in 1800 that when a brewery 
top-feraiontation yeast winch has given a good clarification in 
practice is kept for some time ui wort-gelatme at room temperatures, 
it tends to lose its clarifying properties for a considerable time. 
At tho same time, it brings about a considerably stronger attenua- 
tion than ill its onginal condition 

As an additional instanoo of tho effect of the chemical com- 
position of wort m produomg new vanoties, we may mention the 
observation, duo to Hanson, that 8 Pastoriarms I , which imparts 
an unpleasant taste and smell to boer-wort, is apt to lose this power 
for a time if preserved m an aqueous solution of cane-sugar 

A similar proof of a variation in brewers’ low-fermentation 
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yeast, due to the composition of the nutnent hquid, was furniHliod 
* by SeyfEert, who found in the case of a selected type which, after 
long use in breweries, had lost its good properties with regard to 
-cla^eation, that it was possible to restore it to its original con- 
dition by treatment with lime Gypsum was added either to the 
wort, the brewery water, or the steeping vat, and from wort pro- 
pared m way wort-gelatme was concocted, in which tho do- 
generated yeast growth was sown for fresh pure-oultivation. On 
development of the colonies m small flasks, these new growths 
showed true ‘‘ breaking ” and the power of adhermg to the bottom 
of the flask , the qualities thus regamed were retamed during tho 
use of this yeast m practice 

4Tint.bftr example of physiological transformation is tho fol- 
lowmg — ^The three species desenbed by Hansen under tho name 
SoAcharemyces Fasten lanus form a dough-hke sediment mulor 
certam conditions similar to those of tho other SoAcharomycetes ; 
nn/iftr other conditions, however, a film-hke, wrinkled, or oasc'.ous 
sediment consistmg of small lumps (Pasteur’s levfire casktse)—a 
sedunent of very different appearance In the latter case, tho 
fermentmg wort also assumes a charaotenstio appearance, and, 
■contrary to what ordmarily occurs, remains bnght tluoughout 
the fermentation, so that yeast flakes may be observed rising to 
the surface and smkmg again to the bottom. If this cunous st'tli- 
mentary yeast is repeatedly cultivated by now fermontationw in 
wort, it can be agam transformed mto tho dough-hke condition. 

Both Hansen and the author established the fact that by long 
storage under ice, and subsequent growth in wort, a browojy 
bottom-fermentation yeast exhibited top-fermentation phenomena, 
which, however, by oontmued pitching gradually but entirely 
•disappeared Similar observations have been made by Will. 

We also find a transitory physiological transformation in fllm- 
f ormatdons of the SaccJim^ycetes. 

4. In 1889, Hansen polished the results of a senes of experi- 
ments which were undertaken with the hope of discovering the 
conditions causing vanatioh, and of experimentally brmgmg about 
the formation of new race^, and if possible new species Ho has 
since published additional work on the subject. 

(a) He found m the case of typical Saccharemyces that whim 
their cells were cultivated in aerated wort* at a temperature 
above the maximum for their spore-formation, and near tho 
m aximum for their vegetative growth, they were affected in such 
a manner that they lost their power of forming spores and films 
{Aspenrogenesis), This was also true of the innumerable generations 
successively formed m new cultures under the most vaned con- 
ditions. starting pomt was always a growth which showed 
not the slightest trace of asporogenous cells. For example, it may 

* By repeated shaking of the suooossiTe oulUyations. 
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"be noted that 8 Past I. loses its power of forming spores by 
ment at 32° 0. In the case of the wine yeast, Johanmsbe, 
this occurs at 36° 0 In the seventh culture of 8. Past I. i 
cells were asporogenous, Hansen succeeded also in brjngmg 
a transformation by cultivation on solid media. Such asporo^ 
^owths were formed in the case of 8 Past J on wort-gelat 
32° 0 , when moculations were made at shorter mtervals, a 
the case when hqmds were used 

In some of the species treated m this way, it was also obf 
that they yielded a more abundant crop of yeast m wort-cul 
but a slower fermentation. This was, for instance, the cast 
Oarlsberg low-fennentation yeast No 2 The newly-formed v 
attenuated more slowly and weakly than the original species 
at the same time the clarification was better 

Rayman and Krms have shown that the cells present m 
possess the power of omdising alcohol produced durmg fern 
tion, into carbon dioxide and water Hansen’s varieties, 
completely losmg the power of forming films, are rendered mca 
of performing this oxidismg action. Thus, while a flask, contf 
the onginal species which had developed a luxuriant film 
six months’ standing, showed only 1 6 per cent by volume of ali 
a parallel flask, which showed no film-formation, contained 6 
cent of alcohol — a quantity equal to that found at the end ( 
first month 

In another series of experiments Hansen showed that the £ 
of higher temperatures upon the cells without aeration was ca 
of produemg radical and lastmg alterations of a different ki 
the nature of the protoplasm. When Oarlsberg yeast No, 
cultivated m wort at 32° C. through eight cultures, each succi 
culture being mooulated from the precedmg one, which had 
left undisturbed until the end of the fermentation, a vaneti 
evolved in the mnth culture which produced 1 to 2 per cen 
volume less alcohol than the original form, m wort of 14° Bs 
containmg 10 per cent, of saccharose The new variety cla 
better under brewery conditions, and gave a weaker attenu 
at the end of the primary fermentation , a similar beha 
was noted in the case of other species 

(b) Hansen also succeeded, by cultivation m nutrient geli 
in producing new stable varieties. 

Thus, two varieties of Oarlsberg low-fennentation yeast J 
each generation of which was tra^erred to the surface of 
gelatme, attamed a fermentative power superior to that o 
onginal forms. The difference is stiU more marked when cuJ 
are developed from spores of the top-fermentation yeast 8 cert 
I. on yeast-water gelatine. The new varieties produced I 
cent, more alcohol than the parent form. 

The observations already detailed regarding asporogenesis 


MIOBO-OBGAOTSMS AITD BEBMENTATION. 

le interesting conclusion that a species can lose ono of its 
icteristic properties as a result of external influence, and that 
ally a new species is produced 

1 the course of Hansen’s expeiiments on spore transformations 
yht about by the action of temperature and aeration, it was 
ved that d cells of successive generations were removed, inany 
affected even m the first growths under the now conditions ; 
modification, however, is temporary m character , it in only 
successive generations have been allowed to develop through 
nued moculation under the new conditions, that the acquired 
LCters become constant It appears from tins that tho trans- 
ition does not depend on temperature or aeration alone, hut 
jn the nutrition and propagation of tho coUs 
ompanson of these factors has however shown that th('y 
ibute unequally to the result Both nutrient liquid and 
ion are only of importance in brmgrng about vigorous, fresh 
ative growth, and may, therefore, vary withm wide limits 
)ut matenally affectmg the result This, however, is not true 
mperature , a fluctuation of a few degrees is sullioieiit to 
snt the variations desenbed Hence, it follows, that tcmjiora- 
plays the pnncipal part m bnnging about such transforinatitiiis. 
s pi-eviously stated, these remarkable changes are only brought 
b by long-contmued and violent interference with tho vital 
■sses of the cells , they do not occur so long as dovoloj)m<*nt 
, place m the normal manner. 

n example of the way m which the 8accliar<ymyct8 colls ivtain 
power of forming spores under ordinary conditions is sujiplic'd 
’ewenes and distilleries Hero culture yeasts have oxinti'd 
nuously for centuries, and untold generations have boon firo- 
i under conditions which would not allow, as a rule, of this 
-ion bemg brought mto play, and yet the power remains 
t 

ansen observed a remarkable variation when young growths 
ellijps II, and the wme yeast Johanmehetg II. weie preserved 
few months m Freudenreioh flasks m shallow layers of wort 
5° C A few cells of these bottom-fermentation yoasts gave 
ermentation phenomena Further mvestigation showed that 
bion had taken place The top-fermentation yeast colls 
med contmuously as top yeasts, the bottom-fermentation 
1 ceUs as bottom yeasts A similar state of thmgs was obsoi’ved 
tg the examination of a large number of cells from old cultures 
rewery bottom-fermentation yeasts On tho other lxan<l, 
ir cultures both of wild top-fermentation and of brewc'ry 
ermentation yeasts yielded only a small number of cells which 
lyed bottom-fermentation phenomena. We are not dealing, 
fore, as m the previous oases (asporogenesis) with tho action’ 
fimte factors producing a transformation, but with unknown 
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causes, and probably with sudden variations of the same kind as 
the mutations studied by H de Vnes. According to these researches 
the two physiological forms, top- and bottom-fermentation yeasts, 
are not mdependent On the contrary, they may both occur m 
a growth derived from an mdividual cell They can exist together 
in the same hquid, one or other securing the upper hand m their 
competition and thus determmmg the character of the growth. 

Since 1887 the author has pursued as one of his principal pro- 
blems the study of the variation of yeasts durmg their apphcation 
to the different branches of the fermentation mdustry His 
mvestigations must now be numbered by the thousand The 
difficulty m work of this character, where large masses of yeast 
are under observation, is to make sure that the cultures grown 
from a given number of isolated cells, with abnormal characteristics, 
are real vaneties of the parent cell, and have not actually been 
derived by infection with foreign organisms 

Botamcal and biological mvestigation can never form more 
than part of a complete analysis, and must, moreover, be earned 
out with the utmost care To a great extent we must take refuge 
m the different characteristics that are developed, partly durmg 
large-scale fermentations and partly durmg parallel, small-scale 
fermentations in the laboratory For such experiments it is obvious 
that only yeast masses can bo used which have been denved from 
a smgle cell 

a result of these observations it has been defimtely estab- 
lished that variations do frequently take place They occur 
without obvious cause, and on occasion may occur m such 
quantities that the whole mass of yeast changes its character 
or degenerates ” This expression, which is used m practice, 
duly mdicates that the yeast mass, m the special brewery or distillery 
concerned, no longer suffices for the particular *Tequirements It 
does not indicate what the true value of the yeast may be for 
this branch of the mdustry Thus occasionally such a yeast 
mass, that has degenerated produced excellent results when 
apphod at other places where the requirements are different 
Selection of a cell from the yeast mass that has degenerated has 
often proved a true basis for regeneration, m that the new culture 
possesses all the properties of the ongmal stock 

A very cautious treatment of a sample of purely cultivated 
yeast wiU throw some light upon this question If a number of cells 
are separated from a yeast mass denved from a smgle ceU, which 
has been m use m the mdustry for some time, the pure cultures 
from these cells will show differences m a set of parallel fermenta- 
tions, and sometimes important differences m respect to taste, 
smeU, and other charactenstics of the fermented hquid ; also as 
regards the attenuation, the character of the yeast layer, etc 
Varieties may, for instance, occur which produce a penetratmg 
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and unpleasant bitter flavour, but m every otlior rcspeot piv 
result in agreement with the culture yeast In this oonnocitioj 
IS interestmg to record a case where a sclcctod vurusty g 
considerably more rapid clearing than the original ruoo, wliils 
every other lespeot, practical and biological, it was idt'iitiiial 
studjong a number of selected growths a scrioH of intornu'diato fo' 
could be detected, and by a proper selection cidturcH wc'vo propu 
which gave the normal attenuation in wort of tho sani<i cliarac 
A problem of great practical and theoretical iiii])ortane<' is 
decide whether such variations occurring in tho yeiust uiasn 
practice are stable or of a purely transitory nature Haimc'u adop 
the view that, as a rule, “ the races prepared from industrial yc 
cannot be mamtained, but disappear,” and that “ so long as 
beer yeasts are kept under brewery conditions, they only disp 
slight alterations, which are of a transitory cliaracti'iV’ ''riiis vn 
however, is m contradiction to tho results ropi'atodly obtaiiu'il 
the author’s laboratory. Strongly marked abnormalitii's may oa 
when single cells are isolated, and oortam of tlu'sc variations pri 
to be of a stable character both when ai)])li(‘d on tho la 
scale, and also when stored for years m a 10 fior cent oano-su^ 
solution There are variations stfll kejit in tho laboratory wh 
after preservation m such a solution for more* than ti'ii yoars s 
retam their properties These races, thoroforo, do not disappoar, 
It follows that in the preparation of puro yoast o.tdturos 
be used m a brewery, distillery, wine formoiitation, (>to,., 
cannot reckon on dealing simply with a tyjio ready to ha 
in a pme conation, but rather with a mixture of elomcuUs, ofl 
of a h^hly different character, even if the mass of yeast has bo 
ongmally derived from a single cell. By tho jirocess of pure oul 
vation based upon a detailed knowledge of the sriocial praotii 
requirements, a form can be prepared of tho roquirod tynof Ru 
work can never be attempted at random, but must tionsist 
systematic research earned out with ngid rules How long su 
be preserved in practice before it clcvolojis pi-onouno 
^ties m such quantities that the character of the yoast mi' 

to a groal upon o,rom„»t„n. 

« +? 1?®' ^bo principle armliod in t 

laboratory m oarrymg out tbo ^ onltn^tnlrjTO 

oorreoto« of the “"""O « 
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ment is earned on through several generations, and m each ease 
after the mass of yeast has been apphed for some time m practice 
These observations have no connection with any variation in 
the composition of a nutritive fluid. They are simply concerned 
with comparative experiments with selected and absolutely pure 
cultures. 


Morphology and Anatomy of Yeast Cells. 

Yeast Deposits. — ^Hansen’s mvestigations in 1881-1883, which 
took the form of a direct study of the growth of a single ceU under 
the microscope, and of growths derived from a smgle cell, made 
it possible for the first time to give exact descnptions of the different 
species of yeast He proved that the shape, relative size, and 
appearance of the cell are not sufficient m themselves to characterise 
a given species, for the same species may exist m different forms 
under diflenng external influences At the same time he estabhshed 
the fact that the shape may provide valuable mdications, as the 
various species may react m a diSerent way and with a different 
shape when the same influence is brought to bear 

As an example of the results which may be obtamed by a 
companson o! yotmg deposits of yeast, the six varieties isolated 
by Hansen may be quoted {S. cerevisioe 1 , 8 Pastonanua I , II , 
III., 8 elhpsoidem I., II) 

The growths are developed in the foUowmg manner — ^The cells, 
after short cultivation m wort, are introduced mto fresh wort, and 
brought to vigorous development at 26° to 27° 0 in twenty-four 
hours If then 8. c&revmoe I is compared with the three 8 Paston- 
antLS species, tho general appearance is strikingly different. 8. 
cerevutCB I consists predommantly of large round or oval cells, 
and 8. Paaiorumus chiefly of elongated sausage-shaped cells, but 
it is a very different matter if the cells of the first are mixed with 
cells of one of the second species It then proves to be impossible, 
by simply noting the form, to distinguish between the larger and 
smaller oval and roundish ceDs of Paatorianm and many of the 
cerewaice cells Tho two species, 8 dhpaoideua I and II., are 
predommantly oval and round. Sausage-shaped cells occasionally 
occur, and hero agam it is impossible, simply by studymg the form, 
to determine the species when 8. e&reviaioB or 8. Paatonanvs are 
mixed with them. 

By direct measurement of the sedimentary forms it is also 
impossible to discriminate between them. 

On eTranmuiTig the diagrams of these six pure cultures, it will be 
seen that we are dealing with three different divisions of budding 
fungi, one of which is represented by 8. cerematca I., the second 
by tho three Paatorianus species, and the third by both the eU^aoid&ua 
species. So much and no more can be established by a purely 



276 


BHOEO-OBQANISMS AND BEBMJSNTATION. 


microscopical observation, and this only under the particular 
culture conditions described 

The development of the yeast cell takes place through budding, 
a shght swelhng appearing m the mother cell, wliicli niorcascs in 
size As soon as the new cell has attamed a certain size it oaii form 
a new bud, and this process of budding contmuoH until a grouf) 
of budding cells is formed The cells may break away from (‘aoh 
other at an earher or later stage, so that the grou}) may (souHi'Ht of 
a varying number of mdividuals The daughter cell may tusHume 
a totally different form from the mother coll. This may also take 
place m the mdustnal species, mcludmg those which give fairly 
uniform oval cells m the large fermenting vats. Kov example, 
ordmary brewery, low-fermentation yeast may, foj* reasons uii 
known, produce cells with the appearance of and 

dlipeotdeus, so that it is impossible, under the microsoojie, to dis- 
tmguish whether such a culture yeast is infected with a forc'ign 
yeast or not 

As an example of the change of form brought about by a known 
cause m mdustrial yeast, it may be mentioned that, by excessive 
treatment with aor, the air-yeast of the prossod-yoasi hietory rnav 
alter fiom an oval or elliptical to a much elongated PmlomivtiH 
shape 


In general, it may he stated that low-formoutation yoasts form 
groups containing fewer cells than is the case with loii-fermenLation 
yeasts. There are, however, many exceptions to tins rule. It Ik 
^ possible to mdicate any universal typo of raioroscopioal picituri^ 
tor the two groups of yeasts, and the same holds good for the general 
picture of a smgle race of culture yeast. It is only by exactiv 
comparable growths earned out in paraUol oxporiinentH in the 
laboratory that it is possible to establish diftoroncos botwoen tlu^ 
general appearance of the races When applied in practice so 

appearance of the 

gro^h may entirely alter its character On these linos no starting 
Si^e ite^J^ty’^*^ analytical examination of yeast to deter? 

A pecT^ group of yeasts, the 8cMzo-8acchar<mycetea are dis. 
tithed from others by the formation of daughto?oS through 
J^on of the mother cell, a cross-section bemg formed 7 the 


niP 7 !+??i I* “ weU known that fermenting and fer- 

m^ted hquids are covered with film growths It was first fhowu wM b 

observations on cultures derived from siiiglo 
cells that ^occAaromycca (in the stnot sense) are able to form films 
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the cells there is a considerable admixture with air Sim Jar films 
are formed by a few of the Torula cells The fihn of Ghalara Myco- 
derma is gelatmous, and has a bright appearance In the case of 
MomhUy which may occur with budding cells, the film formation 
is peciJiar Durmg the vigorous fermentation, a film forms on the 
froth, which gradually spreads over the whole surface, and is 
occasionally wnnkled The cells m the flask form a deposit, produce 
a vigorous fermentation, and rise with bubbles of carbon dioxide 
to the surface again, wheie they begin a new stage of development 
If sterJised lager beer is moculated with tins fungus, no fermentation 
takes place, and a thm dusty film is formed, but under other 
circumstances the fungus forms white, floury, and woolly layers 
like 0%d%um 

The films of time Saccharomyces differ somewhat from these 
As a lule, they are produced m the foUowmg way — ^If ciJtures 
are allowed to stand undisturbed for a longer or shorter period m 
woH at room temperature, it will be found that small specks of 
yeast appear on the surface of ‘the hqmd at the completion of the 
primary fermentation These collect together at a later stage to 
form islands of varying size and shape, with a flat upper and arched 
lower surface PmalLy these fuse together to form a hght greyish- 
yellow and slimy film, which often spreads up the wall of the vessel 
forming a complete rmg Such a complete film-formation only 
takes place when the primary fermentation is completed If the 
flask IS shaken, shreds of the skm are loosened and smk, and in 
this way a complete layer may be collected on the bottom, whilst 
the skm reforms and assumes a mottled appearance, the younger 
portions bemg thm and dark, whilst the older are thick and pale 
in colour 

The necessary condition to enable the film to form is the presence 
of a free and undisturbed surface with access of air A vigorous 
film-formation assumes a free access of air The function of film- 
formation IS subject to the same conditions as the formation of 
endosporos 

Along with film-formation a bleaching of the wort takes place, 
which now assumes a hght yellow colour This occurs more rapidly 
at a high temperature, and is most readJy observed m those species 
which bring about the most vigorous film-formation Erlenmeyer 
flasks half-filled with wort and covered with filter paper are ad- 
mirably adapted for such cultures A few drops of a young and 
vigorous growth of yeast should he mtroduced. 

Hansen undertook the foUowing determmations * — 

(1) The temperature limit for the formation of films 

(2) The approximate time required for the first appearance of 
the film at different temperatures. 

(3) The microscopic^ appearance of the growth at different 
temperatures. 
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The object of comparatiTO obsorvatioiw of tluH kind Ut'M 

m deterroininig the microscopical appearance of liliun at niniilar 

temperatures . , . . , 

The examination of the film was nndi'rtakcii wlu'ii it had just 
developed sufficiently to bo visible to tli(^ naked eye 

A glance at the lUustrations representing tliesc filin-growtlis (sec 
description of species) will show that thc'ir gimeral charaotor ilifTiu’S 
from that of the sedimentary forms. Kor instaiico, the sodimontary 
form ofS mems%(B I is oval or spherical, whilst in tho (ilm, elon- 
gated and mycehal colls quickly appi'ar, and tho growth gradually 
n.ggnmflg an appcaraucc quite distiiiet from that of sc'dinxMitary 
yeast 

If we compare the filin-forniatioii of tli<‘ six speeu's, w<' Ihid 
that the films developed at the higher tmnpcraturi's oiler very 
little scope for disonmination, /S' cfrtmmv. f. and /S' elUpmuiatiti IL 
alone bemg distmguishable from tho reinaiudor It is quite otluM’- 
wise, however, when young ftlnis dovelofiod at I, ‘I"- 15" (J. are 
exanuned The two species, 8 Fastor%anu» J! and 8. Pfii^lorhtnnit 
III — ^both toiD-fermentation yeasts, tho colls of wJiich in ordinary 
cultures cannot be distinguished from each other with certainty 
— exhibit m this case entirely differout forms of growth. An 
equally striking difference is found botwoeii tin* otherwise similar 
species, 8 dlvpsoideus I. and II. 

Observations of the limits of toinfioratui'c for tho formation 
of films show that for 8 cerevisice I and 8 elhjmUlcm /. tlioso 
lie approximately witlun 38° and 5°-6" 0. , the limits foi' tho three 
Pastonarvua species are 34° and 3° C. ; 8. dUp8oide,m JI. has the 
same lower limit as the last species, but its maximum temperaturo 
is 38°-40° C 

The time hmits, compared with those given for asoospore- 
formation, show that m both cases development takes place inoro 
slowly at low than at high temperatures. At tomporaturos near 
maximum and Tninimum, the film -formation is very fooblo and 
incomplete 

At temperatures above 13° 0. tho film of 8. dlipaoidma II. 
develops so rapidly and vigorously that flasks containing this 
yeast can be recognised by this alone. Thus, at 22°-23° 0 tJio 
film had completely covered the surfaoo m six to twelve days, 
whilst the other five species required three times as long to foi’in 
a film, and this was generally more feebly developed Tliis spoidoH 
and 8 Pastonanus III also develop a vigorous film with com- 
parative rapidity at ordinary room temperature, tho other speoii's 
hemg left far behmd. 

A further important biological relationship is shown by Hanson ’s 
mvestigataons which proved that the temperaturo maximum for 
buddi^ in wort is higher than the maximum for film-formation, 
and that this agam is higher than tho maximum for sporo- 
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formation , in other words, with a rising temperature, a point 
IS reached at which spore-formation ceases, then a higher pomt 
at which film-formation ceases, and lastly, a still higher at which 
budding is no longer possible On the other hand, the experiments 
mdicate that the temperature Tmmmum for film-formation is lower 
than that of spore-formation 

In brewers’ low-fermentation yeasts, and m some wild yeasts, 
Will observed round and oval cells, having a thick membrane 
and contammg a number of small oil-drops These occurred m 
the rmgs of yeast and in the small surface patches preceding true 
film-formation If treated with concentrated hydrochloric acid. 


/z 





the membrane splits mto two layers. In cultures, especially in 
artificial nutnent hquids, the outer layer of this membrane gradu- 
ally detaches itself , sometimes in such a way that it is not 
tom, so that it appears as though the one cell were contained 
within the other. The cell contents are coloured green or brown 
by concentrated sulphuric acid. The glycogen reaction with iodine 
has been occasionally observed in the cells. They appear to play 
a certain part m the life economy of the gro'wth, as resting cells, 
for they are sometimes found alive m old growths when most 
of the other mdividuals have perished. In artifloial nutrient 
solutions oontaimng mineral salts, sugar and asparagine, with 
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addition of oitnc or tartano acid, such resting cells occur also in 
the sediment Globular or oblong yeast-cells germinate from the 
resting cells, either singly or m large numbers Club-shaped cells 
with transverse-wall formation frequently anse, especially m older 
cultures of resting cells produced m mineral nutnent solution# 




^Resting cells (after Will) — A, usual mode of gemmation , B, xestmg cells, 
with dub or sausage-shaped daughtei cells with transverse walls 


This phenomenon may recur m derived growths Dunng germina- 
tion on a sohd nutrient medium, Will also observed a sphtting up 
of these transverse walls 

According to Rayman and Knns the cells of the film hare a 
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marked respiratory power, oxidising the alcohol formed into carbon 
dioxide and water, and at the same time sphttmg up the albummoids 
of the hquid mto amides and ammonium salts of organic acids. 

Cultures on Solid Substrata.— After Schroeter and Koch had 
shown, by ctiltivation on sohd media, that species of bacteria 
display (hstmct characteristics, Hansen succeeded m proving 
that a similar relationship holds good for yeasts For this purpose 
he utilised beer- wort, to which about 5*5 per cent of gelatme 
had been added, contamed m flasks closed by means of cotton- 
wool plugs. When these flasks were moculated with the sox species 
(/S. cerevmcB I , S, Pastonanus J., // , III , 8 ellipsoideus I , II ), 
and allowed to stand at a temperature of 25® 0 , the growths which 
developed (streak-cultures) showed such macroscopic differences m 
the course of eleven to fourteen days that four groups might be more 
or less sharply distmguished 8 dlipsoideus I stands alone, for 
its growth exhibits a characteristic net-like structure on the surface, 
which enables it to be distinguished from the other five by the 
unaided eye When gelatine with yeast-water is employed for 
such cultures and the experiments conducted at 16° 0 , ^ Pastor%- 
a)ius II. yields growths after the lapse of sixteen days, the edges 
of which are comparatively smooth, whilst the growths obtained 
from 8 PastonanVjS III are distmctly hairy A microscopical 
examination shows that the two species are also distmguishable 
morphologically. This is by no means always the case with cul- 
tures on solid media , m fact, the differences are often leas marked 
under such conditions than when nutritive liquids are employed. 

For the Mycoderma species and 8 membrancefacieiis^ Hansen 
discovered a characteristic behaviour on wort-gelatine m which 
they form shield-hke colomes readily distmguishable from those 
of the 8accharomycetes 

In this connection we may mention Hansen’s observation that 
some species — e g , 8. Marxmnus and 8 Ludvngii — can develop a 
myoehum when grown on a sohd medium, while others are unable 
to do so 

The characters which can be obtained in this way fluctuate 
greatly, for the constitution of the hving material and of the sub- 
stratum may strongly modify the appearance of the growth This 
fact was brought out by WJl in a special study of four species of 
bottom-fermentation beer-yeasts He discovered that when the 
moculating material contamed cells from the film they exercised 
considerable influence on the appearance of the colony 

The giant colomes investigated by P Lindner and WJl have 
been descnbed m Chapter I 

Aderhold, during an exanunation of gelatme-growths of German 
elhpsoid wme yeasts, found that m puncture-cultures and giant- 
cultures two types were distmguishable, one of which showed 
colomes with funnel-shaped depressions and with marked concentric 
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lines, wiulst the other showed conical growths with mdifituict 
concentiic structure, but very prominent radial streaks 

A great number of yeast species hquefy nutrient gelatine. 'J’his 
was proved by the author m 1890 with respect to brewers’ high- 
fermentation yeasts Subsequently Will, Wehmor, and others 
made the same observations with other yeasts 

Structure and Character of Yeast Cells.— Durmg the growth of 
the cell the membrane gradually becomes more distinct ’When 
the cell IS fully grown the strength of the membrane depends on 
the concentration of the nutritive flmd It has a tendonoy to 
thicken m hquids with a high percentage of extract , especially 
marked thicke ning is met with m the restmg cells occurring in 
fi l m s The cellulose of the membrane (hemicellulose) was found 
by Salkowski not to be of uniform constitution If heated for 
some length of time with water at 2 atmosphere pressure it splitq 
up mto a rubber-hke mass, msoluble m water and giving no iochuo 
reaction, and a soluble part, precipitated by alcohol and giving 
an intense brownish-red reaction with lodme It is this “ erythro- 
cellulose ” which is converted mto dextrose m the autolysis of yeast 
The gelatinous network first observed by Sansen may bo 
regarded as a special development of the membrane, remind BCont 
of the zoogloea formation of bacteria Under certam conditions, 
which have not yet been defined, colonies brought about by 
the buddmg of yeast cells may combme to form irregulai’ clots 
which sink more rapidly than mdividual cells (“break” and 
clarification m the brewery) This doubtless stands in relation- 
ship to a feature of the development of the yeast cell disoovorcd 
by Hansen m 1884 He found that both Saocharomycetes and other 
budding fungi may secrete a gelatmous network which may take 
the form of strands or plates m which the cells are embedded. If, 
for ex^ple, some thick brewery yeast is placed m a glass and 
allowed to remam under cover m such a way that it slowly dries, 
and then a trace of this yeast is mixed m a drop of water, the 
network can be clearly seen The formation also occurs in the 
gpsum block and gelatme cultures The author has frequently 
oteerved this formation m the yeast samples despatched to his 
laboratory m filter paper enclosed m envelopes * Hansen also 
foimd It m the film-formations of nearly all species An ordinary 
microscopic exa^ation of the pitchmg yeast m a brewery docs 
not show this formation , with the help of stammg, however, 

® yeast IS repeatedly 

Tm+ # +i!^ IS 310 longer possible to detect the network by staining ; 
but If the water is removed, and the yeast set aside for a tild 

paper which have been eimilarly treated ^ wrapped in several layers of 
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and tlioii snitably treated, the gelatinous masses can be readily 
seen By varying the conditions of nourishment of the cells, the 
development can bo promoted or retarded, and the oheimoal com- 
position modified 

The most nnpoitant part of the ccU contents is the nucleus 
which has boon the subject of much research Various staining 
methods are (iiisoribod in the first chapter According to recent 
work by thihrmami, Ouilhcrmond, Ftonneborg, Hofeneister, Janssens, 
Kohl, Wager, and others, the nucleus in yeast fungi is of a simpler 
structm’c^ than in higher plants , but divergent views are held 




ITiff. rtO. — Yoiuili o(‘ll mill ^olaiiuouH uoiwoilc (alter jraixsou) — A, Noiwoik obtomod by 
partial drying ; 1, porUoii Joiinod of threacLi flora wbioh the cells have become 
<lotachod; 2 and show that the network can also form oompielie walls, such a 
formation is soon botwoon a and 6— a is a vogotativo 'cell, 6 is a oell with two spores , 
4 siiows three colls, ombeddod in the iielwoik B, network with yeast cells, the 
latter stained by methyl violet, network is not stained Some of the yeast cells 
aro still iti the moshos, but most have detached themselves 

regarding the doiailn of the eirueiiiro la the first stages of fer- 
montation the aiiolous in a normal oell consists of a vacuole, •which 
IS oolom-od loss intensely, and a deeply staanahle body, attached 
laterally to the "vacuolo , this body, nucleolus, in the course of 
oell life, is soon to assume different shapes — ground, ovate, sioHe- 
shapod, etc Tho vacuole vanes greatly in size, aooordiug to the 
state and activity of tho coll, and when the cell is least active, it 
apparently disappears Strong magnifications show fine granu- 
lated cords (chromatine), extending from the nucleolus through 
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the vacuole to the border of tho latter According to fiomo autliori- 
ties the whole organ is provided with a membrane As m the case 
of all other plants, the nucleus is doubtless the centre of all the 
more important chemical changes and vital functions of tho cell, 
Henneberg observed movements of tho nucleus by coloration with 
a very dilute solution of methylone-bluo or by treatment with dilute 
acetic acid (0 5 per cent ), alter keeping fresh yeast under water 
one or two days at about 30° 0 

In the buddmg of the cell, the nucleus generally divides — by 
simple division, amitose — commonly only after tho bud has at- 
tamed its full development , tho nucleolus, growing longer, talcos 
the shape of a dumb-bell, whereupon tlio two jiaiis soptu’ato, the 
thread-hke oonnectmg pieco being lo-absorbod , one of the two 
parts then migrates mto the bud 

By a fusion of the two cells tho two nuclei also merge into each 
other, and on large vacuole will form m tho colls 

Before spore-formation the nucleus divides successively into 
as many nuclei as spores will be formed. In a few yeasts (aiiillior- 
mond observed a development somewhat similai: to nuclear division 
in plants, the so-called nutose or caryolonesis, tho nucleus 

forming a system of threads assuming a spmdle shape ; m tho 
middle — ^that is, the widest part of tho spmdle — a plato is formed , 
the two daughter cells will form by splitting-up of the middle 
region. 

An essential part of the contents of tho nucleus consists of 
nttcleoproteids, which are of tho utmost importance to tho life 
of the cell . the presence of which can bo proved microohonuoally 
by submitting the cell to the action of pepsin (dissolved in 0*2 per 
cent hyd^oohlorio acid), which attacks tho other albuminoids of 
the cell 

Vacuoles constitute another essential part of the ooB, T'hey 
separate gradually from the protoplasm of tho young cells, and 
appear m mcreasmg numbers as pale, feebly refractive specks. In 
the older cells they are sharply defined, and may assume highly 
irregular forms In the Mycoderma species one or two very large 
vacuoles are usually found, and this apphes also to the old Sacchevro- 
myces cells The vacuoles are filled with an aqueous liquid 

The yeast cells also contain larger and smaller particles of 
different refractivity, both m the protoplasm and m the vacuoles, 
which are classed together under the name of granules. They ai-e 
produced even m quite yoimg coUs At a later stage, when the 
cells are filled with glycogen, they are not so obvious, but they 
are sharply defined when the glycogen has disappeared 

These bodies may consist of albununoids, fats, or carbohydrates. 
A group of them have acquired particular mtorest from the fact 
that, like the correspondmg bodies m bacteria, they arc coloured 
in a peculiar manner by methylene-blue, contrasting with other 
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granules. They were the subject of extensive research by Guilher- 
mond (who discovered them m 1902), Henneberg, Kromer, van 
Herwerden, Zikes, and others They were called meta-chromatic^ 
or voltitine bodies by A Meyer, who found them in s^pvtill/um volu- 
taTis and certain other bacteria They occur, in very varied size^ 
both m the plasma and the vacuoles In the course of fche multi- 
phcation of the cell, they occur as small grams and drops, mcreasmg 
m size m the restmg cells , they disappear gradually when the cell 
IS kept a long time Their size and position are fixed by treatmg 
the cell with formahn , after removal of the latter, the cell is 
coloured with methylene-blue (1 per cent dissolved in 26 per 
cent alcohol) , after removing the excess 1 per cent sulphuric 
acid IS added. The granules are thus stamed blue, violet, or reddish- 
violet, whilst all other parts of the oell are unstamed By coloration 
of the hvmg oell — e g , by the method employed by Zikes (30 
0 c of saturated aloohohc methylene-blue solution + 100 o c. 
aqueous solution of 0*1 per cent potassium hydrate), the granules 
enclosed m the vacuoles, in some of the species, are coloured blue, 
and in others red , Most authorities consider that these granules 



61 — S Lvdwigii — ^Nuolous diYwion during spore-formation (after Gmlhennond)* 

arc to be classed as reserve material of the cell ; their mam con- 
stituent IS an albummoid, probably one of the nucleo-proteids. 
Phosphoric acid and nuclem have been detected Experiments 
have proved phosphates to be essential for their formation, for 
on cultivation in media destitute of phosphates they disappear 
from the cell The amoimt of glycogen was found by Zikes to m- 
crease more qmokly m the course of the development of the cell 
than the volutme, which, m turn, decreased slowly 

The oily or fatty bodies oocurrmg in the cell are generally con- 
spicuous by their strong refraction. They vary greatly m size, 
and mcrease with the age of the cell Some yeasts are distmguished 
by the cell contammg a big central oil-drop While some of these 
bodies appear to consist exclusively of oils or fats, others are of a 
more complex composition, as they also contam albuminoids. On 
treatment with 1 per cent, osnuc acid these bodies are stamed 
brown or black 

Glycogen also constitutes an important constituent of the cell 
contents It has already been stated that it is stored up by the 
oell when it has a nch supply of available carbohydrates. Its 
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presence can be distmgmshed by a reddish-brown coloration with 
lodme m potassium iodide, whereas the albuminoid substances 

the cell assume a yellowish colour On heatmg the cell, the brown 
cotcmr, disappears, but reappears on Goohng It seems to be stored 
up in special vacuoles In the fifth section of this chapter it has 
been shown that glycogen plays an important part in the auto- 
f ermentation of yeast 

Ascospore Formation. — In 1839 Schwann discovered that yeast 
cells can form new 6ells m their mterior, and that these are hberated 
by the burstmg of the wall of the mother-cell De Seynes gave a 
clear description of spores m 1868, and in 1870 Reess proved that 
they are produced by yeast cells of different shape, and that the 
ger min ation of spores takes place by buddmg In 1872 Engel 
indicated moist gypsum blocks as a specially favourable sub- 
stratum for the development of spores Reess, who did not work 
with pure cultures, regarded these spore forming yeasts as a special 
group, which he mdicated by the name Saocharomyces, a name 
proposed by Meyen, but he included along with these a large 
number of species in which no endogenous spore-formation had 
been observed Similar conclusions were published by de Bary 
in his celebrated work V ergleicfiende Morphologic und Biologic der 
Pilzc (1884), which also contains admirable observations regarding 
yeast fungi 

In 1882-3, Hansen undertook the first experimental mvesti- 
gations concemmg spore-formation, and his work made it possible 
to establish a sharp limit to the group of Saccharomyccs. The 
results of his mvestigations concerning the necessary conditions 
for spore-formation may be shortly stated as follows — 

1. The cells must be placed on a moist surface and have a 
plentiful supply of air 

2. Young and vigorous cells can exercise this function most 
easily and rapidly. Old cells which lack nutritive material can only 
devdop spores with free access of oxygen 

3. The optimum temperature for most of the species yet ex- 
ammed is about 26° C This temperature favours spore-formation 
m all known species 

4. A few Sacoharomycetes likewise form spores when they are 
present in fermenting nutnent fluids. 

A lack of food cannot, as Edebs assumes, be regarded as a 
direct condition for spore-formation, smee young and well- 
nounshed cells can also be induced to form spores immediately — 
without previous budding — ^when they are placed under con- 
ditions which favour spore-formation, but are unfavourable to 
budding — e.gr , m water saturated with gypsum, but with access 
of air and at a favourable temperature. 

A growth of yeast is developed in the way desenbed under 
yeast deposits.*^ Older cultures, developed m saccharme solu- 
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fcion or m. wort, must be cultivated several times m aerated wort 
before showing a normal formation of spores A small quantity 
IS transferred to a previously sterilised gypsum block, this block 
takes the shape of a truncated cone , it is enclosed m a flat glass 
dish covered by a larger inverted dish, and is kept moist by half- 
filhng the dish with water ■*' If it is desired merely to bnng about 
the formation of spores, the apparatus may be allowed to remam 
at the ordinary room temperature The transferred cells develop 
through a few generations by means of budding, and then spore- 
formation begins m the mother-cells 

Hansen was the first to give an accurate description of the 
structure of spores and a detailed account of their evolution 
founded upon observations of mdividuals. He distinguished 
three typically different groups of Saccharomycetes which are 
characterised cither by their mode of germination or by the form 
of their spores {S anomalus, etc ) 

After a lapse of time, dependent on the species, roundish 
particles of protoplasm appear m the cells , these are the first 
indications of spores. In their further development they are 
surrounded by a wall, which is more or less clearly defined m the 
different species 

In most species the spores are spherical 8 anomaliLs forms 
an exception with its hemisphencal spores, 8 Maroimmis and 
8, fra^hs with kidney-shaped spores 



JBHg 62 — The first stages of development 
of the spores of Sacclt^onbyces cerevtsics I 
(after Ilansen) — a, 6, c, d, e, rudiments of 
spores, where the walls are not yet 
distmot, /, g, ft, t, n, completely-developed 
spores with distinct walls 



Pig 63 — Spores of Saccharomyces cere^ 
vmcB 7 m the first stages of t;exmmation 
(after Hansen) —At a, d, e, and g, for- 
mation of partition walls , e, f, and g, 
the walls of the moth^-oells have 
become ruptured , g, a compound spore 
ivided mto seve^ chambers, the 
coherent wall is ruptured in three places. 


Two distmot ty^es of genmnation may be distmguisbed In 
tbe first type, to which 8 ceremstcB I belongs, the spores may 
expand during the early stages of germination to such an extent 
that the pressure which they exert on each other, while they are 

^ Asoos^porcs also be obtained when yeast is spread upon sterilised solidified 

gelatme, prepared with or without nutntive solution (or on filter paper), and kept in 
a damp place , likewise m yeast-water and m stenhsed water Spore-forming cella 
may also occur in the films of the Saooharomyoes Klooker found certain species formed 
spores only when grown m dextrose-yeast water He states that it is advisable, when 
a species is exanouned with respect to spore-formation, to let the development take place 
both at 16® and 26® 0. 
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still enclosed in the mother-oeU, brmgs about the formation of 
partition wads (Fig 63) This is caused by the wedgmg or 
squeezmg together of the protoplasm between the spores , otherwise 
the walls of the spores may be brought mto close contact During 
further development, a complete umon of the walls may 
place, so that a true partition wall results , the cell then becomes 
a compound spore divided mto several chambers 

Durmg gemunation (Fig 54) the spores swell and the wall 
of the mother-eeU, which was ongmaUy fanly thick and elastic 
stretches out and consequently grows thinner It is finally 
ruptured, and then remains as a loose or shrivelled skin, partially 
coveri^ the spores , or it may gradually bo absorbed dunng ’ger- 
mination 




/I ^ ^Budd^ of the spores m Saecharomycia ee/eviatce I (alter Hansen) — 
of -without tte -vaU of mofher-oeU , 6, oell with lour spores , 6', the wall 

e" ^ r -witli fovc spores, three of which aie visible , o' and 

of mottei-oell , d, oell with three spores , 6'", the ruptured 

de^oim.^“t^4/;^Aii colony; f-h, other foma of 
eveiopment , ii , the wall between the two spores has disappeared 




Buddi^ can occur at any pomt on the surface of the swollen 
^or^ , it usually takes place after the wall of the mother-cell 
1 been ruptmed or absorbed, but it also occasionally takes 
pl^ace withm the mother-cek After the buds have formed, the 
fro^ea^^other^^^ connected, or they may soon break away 

64 remarkable behaviour (see Fig. 

Siabtm ^ ^ absorption of the waU separating two 

neighbouring spores causmg them to fuse together It is^ssible 
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that tte biological sigruflcance of this phenomenon lies m the fact 
that the spores may thus have a greater chance of forming buds 
under unfavourable conditions One spore plays the part of a 
parasite to the other The union of the walls — descnbed above — 
is, perhaps, the beginnmg of the process 

A HiTTmlflr fusion of spores was observed by Hansen m the 
case of a wme yeast {Johannisberg II ) He placed spore-formmg 
cells m a shallow layer of wort In the course of a few hours they 
swelled up and burst the mother-oeUs They were then transferred 
to a shallow layer m a saturated aqueous solution of calcium 
sulphate at 26° 0 Under these conditions no buddmg took place, 
but several spores fused together and formed new endospores 



GuOhermond found that m 8 8atwmus a similar fusion of 
spores takes place, and the same observations were made by 
MarnVinTiH m 8 Pastonanus II and III , 8 ellyps I and U , 
Johanmaberg 1 , 8 mm Mmzti, 8. Wilhanus, ^d 8 Bayanua. 

On the surface of the two swollen spores a beak-sha;^d pro- 
jection IS observed , these are then seen to meet and torn an 
anastomosis, the walls bemg broken up at the top A he^- 
shaped zygospore is thus formed, which will increase m size, the 
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oonjugatmg part gradually widening The nuclei then merge 
into each other, and the bud-fonnation takes place at different 
pomts, most frequently from the conjugating channel. 

In this connection we may mention the fusion (copulation) 
of vegetative cells observed by Sohionnmg, GuiUiermond, and 
Barker m the case of S octosporus, Pomhei mellacei, and 
Zygosaccharomyces Further delails are given m the systematic 
description of these species 

S Ludwigi^ forms a second and very different type (Figs 55, 
66), where germination does not take place through buddmg, 



Fig 56 — Scucharcmyce^ Ludwigit (after Hanben) — Germinating bporos fiom old pbiim- 
block cultures, a and each has developed a germ -filament , c, bhoivs efiffejont 
forms produced by fusion 





Ifig 67 — Gennmation of spores of Saeckromyces anomaliu (after Hanaen) 


but through a germinal tube, called a promycebum Two such 
germmal tubes frequently fuse together, and the propagation 
of yeast toUs takes place through division and not through 
budding, after the formation of a clearly defined septum Smulariy 
^e yeast cells produce new cells In this case, unlike the first 
ype, the spores, but the new formations sprmgmg from 

them that fuse together Guilhermond observed such a fusion 
*iihes m spores which were denved from different 

In older spores this curious fusion is more uncommon (Fig 
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56) A few germ-filaments develop mto a branched mycelium 
(group 6) 

The spores of S anomalua (Fig 67) have a remarkable shape 
similar to those of Eifidomyces decipiens. They are almost hemi- 
sphenoal with a nm round the base 

Durmg germmation the spores swell and the projecting rims 
may either remam or disappear Buds then crop out at diflEerent 
pomts on the surface of the spore 

One object of Hansen’s work was to determme to what extent 
the formation of spores was influenced by different temperatures, 
with a view to ascertaining whether the various species behave 
alike, or whether it might not be possible m this way to discover 
characteristics It w^ necessary to determme . — ^First, the limits 
of temperature — i e , the highest and lowest temperatures at 
which spores can be formed , secondly, the optimum temperature 
— ^ e., the temperature at which spores appear most rapidly , 
and, thirdly, the relation between the mtermediate temperatures. 

To determme the time required, the moment was registered 
at which the cells showed distmct mdications of spores It is 
not possible to make use of npe spores m these determinations, 
smce no criterion exists for complete ripeness 

The results obtained by Hansen are as follows • — 

The formation of spores takes place slowly at low temper- 
atures, more rapidly as the temperature rises, until a point is 
passed at which their development is retarded and finally ceases 
The lowest limit of temperature for the six species first in- 
vestigated was found to be 0 , and the highest limit 37-6® 

C. Hansen also determmed the mtermediate temperature and 
time relations for the six species, and found that when these two 
values are graphically represented, with the degrees of tempera- 
ture as absoiBSse, and the time mtervals as ordhiates, the curves 
are almost identical for the six species They sink from the 
ordmates of the lowest temperature towards the axes of the 
absoisssB, and then nse. At the same time, however, these curves 
mdicate that the cardmal pomts determined, more especially 
for the highest and lowest temperatures, give characteristic dis- 
tinctions for the different species — ^ e , that the limits of tem- 
perature withm which the formation of spores can take place 
differ for the various species (see systematic description) 

In a course of years a number of mvestigators have carried 
out similar researches, including Holm, Wih, Aderhold, Kayser, 
Seyffort, Marx, Schionnmg, and the author. 

The followmg observations were made regarding the time 
required for the appearance of the first mdications of spores m 
the SIX species mamtamed at the same temperature At the 
highest temperature thirty hours were required for the develop- 
ment of each species , at 26° there was agam no great difference 
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in the time required , at the lower temperature, however, marked 
differences occurred Thus, m the case of S cerevtsice I., the first 
indications of spore-formation appear at 11 ‘6° C after ten days, 
but m the case of S Pastorianus II , they appear withm seventy- 

seven hours j 

In all such determmations a considerable influence is exerted 
by the state of the cells, and the results vary with the temperature 
at which they have been grown, with their age, vigour, etc (compare 
section on Variation of yeast cells) It follows that the composition 
of the nutrient flxud also exercises an influence Thus in methodical, 
comparative experiments of this nature, it is a necessary condition 
that the previous cultivation of the cells should always be earned 
out in the manner If these external conditions aro vaned, 
the limits for the reactions of the species must be determmed m 
each case. 

By these experiments Hansen has established an important 
character for the determmation of the Saccharomycetes It is 
also of great mterest to note that spore-formation has a lower 
temperature Tinfl.TiTrmTn than buddmg, but a higher temperature 
Tnimmum ; m other words, spore-formation takes place within a 
narrower range of temperature than buddmg 

The method given below for the practical analysis of low brewery 
yeast was based by Hansen on the temperature curves for the 
development of spores Thus, it was found that at certain tem- 
peratures the species employed m the brewery, the culture yeasts, 
develop their spores later than the wild yeasts, several species 
of which occur as disease germs m the brewery It is also important 
to note that the structure of the spores m these two groups is 
usually different The young spoie of culture yeast has a distmct 
wall or membrane , the contents are not homogeneous, but are 
granular, and exhibit vacuoles In the case of wfld yeast, on the 
other hand, the wall of the young spore is usually mdistmct, the 
contents axe homogeneous and strongly refractive It should 
also be added that the spores of culture yeasts are usually larger 
than those of wild yeasts 

1. Bor the contmuous daily control of low brewery yeast, 
as regards contammation with wild yeast, the following very 
convement method is made use of • — At the conclusion of the 
primary fermentation, a small sample of the hquid is transferred 
from the fermenting vessel to a stenhsed flask , this is set aside 
for some hours until the yeast has settled to the bottom, when the 
sediment is transferred to a gypsum block It is then placed m a 
thermostat at a temperature of either 26° C. or 15*^ 0 

It was shown that the species of culture yeasts employed m 
low-fermentation breweries can be divided mto two groups This 
has subsequently been confirmed by the elaborate mvestigations 
of Holm and Poulsen, At 26° 0 , one group yields spores at a 
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later penod than wild yeast, the other group produces spores 
in about the same time as wild yeast, but at a temperature of 
15° C. the cells of wild yeast show spore-formation much sooner 
than the cells of either group of culture yeasts. 

The cultures mamtamed at 25° 0 are exammed after an mterval 
of forty hours, and those mamtamed at 15° C. after an mterval of 
three days 

The author has shown that high brewery yeasts can be analysed 
in a similar manner In the case of some species, however, the 
analysis is best made at 10°-12° C , because a well-marked difference 
of time between the beginning of spore-formation m culture yeast 
on the one hand and wild yeast on the other can only be observed 
at this temperature 

According to the author’s researches, distillers’ yeast may 
be analysed m the same way Lower temperatures are to be 
preferred for this analysis. Often, however, the mvestigation 
into the construction of the spore m the selected yeast-type must 
form the chief part of the analysis, the ddBEerence of time for spore- 
formation m culture yeast and wild yeast frequently proving 
inadequate 

Aderhold has established the fact that wine yeast, like beer 
yeast, may be analysed by Hansen’s method 

By means of experiments undertaken to determme to what 
extent Hansen’s analytical method can be relied on for technical 
purposes m low-fermentation breweries, Holm and Poulsen con- 
cluded that a very small admixture of wild yeast, about -y-J-^th 
of the entire mass (Oarlsberg bottom-yeast No 1), can be detected 
with certainty Hansen’s previous researches had shown that 
when the two species, Sacch Pastorianus III. and Sacch. 
dlipsotdeus II — ^which are capable of producing yeast-turbidity 
in beer-— are present to the extent of only 1 part m 41 of the 
pitchmg yeast, the disease is not developed, provided that the 
normal conditions of fermentation and storage have been 
maintained Further, Sacch Pa8tor%anus I , which imparts to 
beer a disagreeable odour and an unpleasant bitter taste, can 
scarcely exert its injurious influence under the same conditions 
when the admixture of this yeast amounts to less than 1 part 
in 22 of the pitching yeast Consequently, Hansen’s method 
for the analysis of yeast by means of ascospore formation is sufiS.cient 
to establish its punty * 

When the object of the analysis is to characterise the different 
species present m the sample with greater accuracy, a number of 


obvioas tixat suoli an analysis from the vat does not enable direct conclusions 
regarding the predominant biological conditions existmg durmg secondary 
formation m i^e cask If, for instance, the beer is run off with a 4ry smlff 

^ ^ chiefly 6e found floating 

^ T^ te earned over into the cask, whilst the greater part of the culture 
yeasts will have sunk to the bottom of the vat ^ ouiiiure 
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cells are isolated by fractionation, and eaob of the growths obtained 
IS sepaxately examined 

£1 an mvestigation of bottom yeast in the different stages 
of the pnmary fermentation, pubhshed by Hansen m 1883, it 
was shown that the young cells of wild yeast are present m largest 
amount durmg the last stages of primary fermentation and in the 
upper layers of the hquid The samples taken from the fermenting 
vessel for the analysis of yeast must, therefore, be taken during 
the last few days of the primary fermentation If a dned or partially 
dried sample of yeast is to be examined, it must be first transferred 
to wort, and one or more fermentations must be completely earned 
out with it 

The rule that wdd yeasts develop only m the more advanced 
stages of fermentation apphes also to top-fermentation yeast 
as used in brewenes This was shown by numerous an^yses 
of beer from Danish, Enghsh, Prenoh, and Gmman breweries 
carried out m the author’s laboratory As is well known, it was 
this very appearance of wdd yeast m English top-fermentation 
breweries which gave rise to the erroneous view that such species 
are necessary for conducting a normal secondary fermentation. 

2. The analysis of the yeast m the propagatmg apparatus, 
which must be absolutely pure, is earned out as follows — ^At 
the conclusion of fermentation, samples are withdrawn, with 
every precaution, mto Pasteur flasks or mto the Hansen flasts 
employed for sending out yeast samples , from these, small 
quantities are introduced mto flasks oontaming neutral or slightly 
alkahne yeast water or yeast-water dextrose, and maintamed 
at a temperature of 26° 0 , the object being to test the yeast for 
bacteria The remainder is set aside to allow the yeast to settle, 
the beer is decanted, and an average sample of the sediment is 
introduced mto a cane-sugar solution oontaimng 1 to 4 per cent, 
of tartano acid After three or four cultivations m such a solution 
it IS further cultivated a few tunes m beer-wort, and then tested 
for spore-formation. The smallest traces of wild yeast in the 
apparatus are brought mto a state of vigorous development by 
this treatment * 

I. SACCHAROMYCES. 

The name Saccharomyces is used to distmgmsh buddmg fungi 
with endogenous spore-formation The great majority of species 
are only known m this form, but a few can develop a mycelium. 
In the case of one particular group of Bchtzosaccharomyces division 
of the cell takes place mste^ of buddmg, exactly m the same 
way as with certam of the mould fungi 

* It IS evidont that this method xs not avaolahle for the analysis of ordinary yeast, 
because the cultivation m the tartano solution will cause the wild yeast oellfl to increase 
^very oonsideiably in number, and consequently render it impossible for the analyst to 
judge of the degree of contamination 
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In addition to these fungi many other kmds of budding species 
ooour m nature which do not display endogenous spore-formation 
Thanks to mvestigations by de Bary, Zopf, Brefeld, and others, 
it is now known that certam of these are developed from the higher 
fungi Ustilaginece (smut-fungi), Bas%d%omycetes, etc 

A glance at the following figures shows that the Saccharomycetea 
may develop mycehal cells m their films Thus cultures of 8, 
Marxianus may occur with typical branched mycehum Such 
formations may probably be regarded as tending to show that 
if these fungi are afforded more favourable conditions of develop- 
ment in nature than those obtaining when they are artificially 
cultivated m a laboratory, they are likely to develop as typic^ 
moulds The following observations of the author appears to 
favour this view — On dned grapes, growths of DemaUum-hke 
moulds have been observed with a nch formation of spores (see 
Tig 45) * If such growths are cultivated either m or upon a sub- 
stratum m fiasks, them spores develop only budding cells with 
endogenous spore-formation In the same way vigorous growths 
of mould have been found on shoes of Agave stems from Mexico, 
which at first suggest MomUa^ and give a strong formation of 
spores By cultivation m nutritive hquids and on gelatme only 
Sacchaiomyces cells are produced On saooharme material received 
from Jamaica, growths of moulds were found resembhng Oidmm^ 
but the cells also exhibit spore-formation, and by further develop- 
ment of the mould m and upon sterile substrata nothing but a 
growth of Sch^zosaccharomyces is obtamed, and no mycehum f 

In all three cases such substrata were utdised as had other- 
wise proved favourable for the growth of moulds But it was 
impossible, tmder laboratory conditions, to reproduce the natural 
conditions which favour the formation of these DemaUum, Momha, 
and Oid^um-]ike fungi. 

further mvestigation wiU detemnne how far such conditions 
are to be found m nature These observations, at any rate, show 
that there are cases where the natural conditions allow of a develop- 
ment which caimot be substantiated by artificial conditions in 
the laboratory, and the conclusion appears to be warranted that 
other fungi, including higher fimgi, may behave m the same 
way, like the UsUl^inecB and other forms which regularly 
reproduce buddmg growths mcapable of forming endospores 
An isolated example of the development of 8accharomyces cells 
from a fungus, Oloeospor%um, belonging to a higher system, has 
been recorded by Vialla and Pacottet As stated above, a develop- 
ment of buddmg cells from the oomdia of Aspergillus Oryzce was 

* The fungi do not possess the oharactenstio coloured and thiok-waUed restmg cells 
of Bematum ptdUUans 

t Lepesohkm ohseived a similar weak formation of mycelium from individual cells of 
3, meUace*, 
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observed in the author’s laboratory (1896) In later researches 
the endogenous spore-formation first observed could not be re- 
produced. A development of budding cells from the gemmae of 
the mycelium of this species was noticed m 1922 by Zikes. The 
precise conditions under which this and the former transforma- 
tion are produced are not yet known 

The basis of a scientifio system of classifioation was suggested 
by Hansen m 1904 as follows — 

Family — Saccharomycetes. 

Budding fungi with endosporos and vigorous formation of 
yeast cells Typical mycehum occurs only in few cases Every 
cell may occur as the mother-coil of a spore Spores umcellular. 
Number of spores m each mother-cell usually from one to four, 
seldom up to twelve 

A. Trite SAoanAuoMYOBTBs 
\st Qrowp 

The ooUs immediately form sedimentary yeast m sacchanne 
nutritive hquids, and only at a much later stage form a film with 
shmy growth and without mclusion of air. Spores smooth, round, 
or ova], with one or two membranes Germination by budding 
or by tho formation of germinal tubes (promycehum). All, or at 
any rate the great majority of this group bring about alcoholic 
fermentation 


.Gencts I — Saccharomyces Meyen 

The spores, provided with one membrane, germinate by budding. 
In addition to formation of the yeast cells a few give mycelium 
with distinct transverse waUs. 

(To this genus belong the culture yeasts and the great majority 
of i^d yeasts ) 

Genus II — Zygosa/xha/rcmyces Barker 

Distmguished by the copulation of cells In other respects 
identical with the preceding genus 


Gencts III . — Sacoharomycodes E. C Hansen 

By gernimation the spores possessing one membrane form a 
promycehum Erom these, as well as from the vegetative cells, 
Wdding takes place with incomplete separation. Formation of 
mycelium with distmct transverse walls. 
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Giasrtrs IV — 8a/x1mT(my(^8is Sohioniung. 

The spores possess two membranes, otherwise the characters, 
so far as they are known, are identical with those of Saccharo- 
myces 

2nd Group 

The cells immediately form a film in saccharine nutritive 
hqmd, which is dry and opaque on account of the inclusion of 
air, and can readily be distmgmshed from the film-formation 
of the first group The spores are hemispherical, angular, hat- 
shaped or lemon-shaped , m the lost two cases provided with a 
distmct projecting run , otherwise smooth. They have only one 
membrane , germination takes place by budding. The majonty 
of species are distmguished by the formation of esters , a few 
do not bring about fermentation 

Gmnjs V — Pichia E C Hansen 

The spores hemispherical or irregular and angular Very 
feeble or no fermentation 

« 

Genus VI — Willm E 0. Hansen 

Spores hat-shaped or lemon-shaped with distmctly projecting 
runs The majority produce esters vigorously , a few produce no 
fermentation 


B Dotjbteul Saoohaeomyoetbs 
{MoThospora Nematospora ) 

ScMzoaaccJiaromyces 

Eeotangulai* or rounded cells dividmg by paai/ition-walls and ireq[uently developing 
a separated mycelium Spores are formed generally after copulation and four in number 
These fungi look like spore-forming baotena 

1 The Species used Intbustbiauly (Cultueb Yeasts) 

(a) Brewery Yeasts. 

According to the physical phenomena of fermentation, a dis- 
tinction is made between low- and high-fermentation yeasts, 
both m the brewery and elsewhere The low-fermentation yeasts 
gradually collect during fermentation to form a deposit in the 
fermentmg hqmd, whereas the top-fermentation yeasts, in the 
normal course of fermentation, partly form a layer on the surface 
of the hquid, differing in character and thickness according to the 
race, and partly form a deposit. The two kmds of yeasts m the 
brewery impart a different character to the fermented hquor. 
This has been established by parallel experiments with wort of 
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identical composition. The two groups of yeast 
he said to exhibit a different form of chemical aobiidEpfiABMii ihiS^ 
proved that most of the known species of low-fermentafi^:-y®Safe^' 
ferment mehbiose, whilst some of the top yeasts are incapable 
of fermentmg it According to Ban and IFischer, melibiase, the 
enzyme that ferments mehbiose, could only be detected m low- 
fermentation yeasts, and not m those top yeasts that are unable 
to ferment mehbiose 

Acoordmg to Hansen’s work (referred to in the section 
on Vanation), mdividuals may occur m old cultures of bottom 
yeasts which exhibit top-fermentation phenomena, and similarly, 
although m smaller nmnbers, mdividuals m top yeasts which behave 
like bottom yeasts 

After Hansen had mtroduced a pure culture of bottom yeast 
mto the Carlsberg brewery m Copeidiagen it was possible to dis- 
cover how extensive and how deep-seated the differences are which 
distmguish the various bottom-fermentation brewery yeasts. 
With this object m view the writer undertook a long senes of 
comparative experiments with pure cultures of top and bottom 
yeasts from every part of the world, notmg m particular the 
degree of fermentation, the clanfymg power of the hquor, the 
physical phenomena of fermentation, and the stabihty of the 
fermented hquor As early as 1886, m the first edition of this 
book, he set forth a clssifioation of typical species or races, the 
correctness of which has been confirmed by subsequent workers 
in this field. 

A BOTTOM-I’EEMBNTATIOir SPBOEES 


I Species which clarify very quickly and give a feeble fer- 
mentation , the beer holds a strong head. The beer, 
if kept long, IS liable to yeast-turbidity Such yeasts 
are only suitable for draught beer 
2. Species which clarify fairly quickly and do not give a 
vigorous fermentation , the beer holds a strong head ; 
bigb foam the yeast settles to a firm layer in the fer- 
menting vessel The beer is not particularly stable as 
regards yeast-turbidity These yeasts are suitable for 
draught beer and some for lager beer 
3 Species which clarify slowly and attenuate more strongly. 
The beor is very stable to yeast-turbidity These yeasts 
are suitable for lager beer, and especially for export 
beers 

B TOP-PEBMEITTATIOlir SpBOIBS 

1 Species which attenuate slightly and olanfy qmckly The 

beer has a sweet taste. 

2 Species which attenuate strongly and clanfy qmckly Taste 

of beer more pronounced 
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3 Species which attenuate strongly and often clarify slowly. 

The beer is stable to yeast-turbidity 

By far the greater number of higli-fermentaiion yeasts 
examined m this respect are able to carry through a secondary 
fermentation In class 2, and especially 3, the secondaiy fer- 
mentation IS very vigorous and long continued 

Before the results of these comparative experiments had boon 
pubhshed, both Hansen and the author had had the opportunity, 
as will be seen, of demonstratmg that many of the species so 
characterised appeared as strongly marked typos when applied 
in the form of mass cultures m practice, and that both m the above 
and other respects tyTiical difiEerencos made their appearance 
between the mdividual races or species which found application 
as culture yeasts The expenence gamed durmg the years that 
have smee elapsed goes to prove that by a methodical selection 
of a race, an element of certamty is mtroduced mto the fermenting 
4 conditions, which was impossible when a mixed yeast of unlcnown 
composition was employed 

In 1884 Hansen made the following pronouncement : — 

‘‘ We find by closer mvestigation that differences exist amongst 
the kmds of yeast which must be described as good from tlio 
standpomt of the brewer Thus, under similar conchtions, some 
give a quicker and more complete clarification in the primary 
fermentation and a more feeble attenuation than others. Again, 
differences are found m respect to flavour If my method is followed, 
it IS possible, nevertheless, to select with care and quite methodi- 
cally, that species which is best suited for the particular work. 
This phase of the question has been practically solved at Old 
Carlsberg, where a yeast has been selected, m addition to that 
previously described, which is better suited for makmg lager beer, 
whilst the former is better for export beer Whe?^e the fermentation 
industry formerly groped bhndfold, and everythmg was a matter 
of guess work, a path has now been opened to an exact tcchmque 
Hansen is here referring to the two races of yeast that were 
first isolated and described 

To what extent mdividual types display a pronounced 
character in their practical apphoation depends largely on the 
nature of the treatment Thus the -degree of fermentation is 
determmed both by the composition of the hquid and by the other 
conditions of fermentation A race which gives a vigorous 
fermentation, can obviously only display this property under 
certam conditions On the other hand, typical characters exist 
which may become noticeable under very different external con- 
ditions Thus it was shown by the author, m the earhest stages 
of the development of this important reform, that top-fermentation 
species from the brewery, which have a defimte influence on the 

% 
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odour aud flavour of the fermented hquor, can be reoogmsed by 
this fact when they are used m brewenes m distant ooimtnes, 
where both the raw materials and the methods of workmg may be 
entirely different The same apphes when such species are m- 
troduced m absolutely pure cultures, which, begmnmg on the amflll 
scale with one or two htres of thin yeast hquor, are propagated 
by degrees m brewery wort and thus adapted to it 

The two first races obtained as pure cultures, referred to by 
Hansen m the above quotation, were — Garlsberg No 1, a yeast 
apphed for many years m the Garlsberg brewery m Copenhagen, 
and Garlsberg No 2, which was mtroduoed from a German mto 
a Copenhagen brewery, the fermentation bemg under the control 
of the author After he had drawn attention to the remarkable 
fermentation phenomena observed with this yeast, which differ 
widely from that of Garlsberg No 1, it was mtroduoed mto the 
Garlsberg brewery and isolated as a pure culture by Hansen and 
the author 

Tn 1886 the author had the opportumty of answering the . 
question whether different races or species of S cerev%sioe exist, 
the answer bemg based upon his own botamcal and biological 
investigations of these two species 

The Bace I chiefly exhibits shghtly elongated cells, amongst 
which somewhat smaller pomted individuals distmgmshed by 
granular contents are not infrequently found If the yeast is 
taken from the fermenting vessel, washed with water, and placed 
for a short time on ice, it will be observed that the whole cell 
content rapidly changes to a granular structure, and if mamtamed 
under those conditions for several days, it will be found that the 
number of dead cells rapidly increases. The Bace II. behaves 
in quite a different way. The cells are short and oval, or almost 
spherical, under normal conditions m the fermenting vessel , only 
a few weakened individuals are observed, and m a washed condition 
the cells retain their clear or shghtly granular contents for a long 
time , very few dead cells are observed even after long preservation 
in thw condition. 

If each of the growths is placed on moist gypsum blocks, 
mamtamed at the same temperature, and their further develop- 
ment observed from day to day, it will be seen that the two races 
behave quite differently, assummg that the temperature hes 
witlun the limits for the growth of spores Bace II. forms fuUy 
ripe spores at a time when Bace I does not show a trace of these 
organs of propagation 

Tho following distinctions are of value m practice m 
detormimng the two races — 

In order to obtain the normal course of the primary fer- 
mentation it IS essentia] that Bace I should be mtroduoed at a 
somewhat higher temperature (7 6“ C.) than Bace II Larger- 
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-quantitiea of I than of II must be used for pitching, m the 
proportion of 66 to 58 The time of settmg and of frothing 
naturally differs Both phenomena appear to occur somewhat earlier 
with Bace II. than with Bace I 

The nature of the frothmg and the coatmg of yeast differ greatly 
II. gives a strong high he^ and a dense coherent cover , I a 
low head, and the hquid often shows bald patches. Moreover, 
7 Bace I gives a very lasting fermentation, and, as a consequence, 
a slower clarification than iJace II , which when pure gives a par- 
ticularly bright clarification The sedimentary yeast m the vat 
hes more compactly, and the colour of II is somewhat hghter 
than that of I. 

The attenuation during the primary and secondary fermenta- 
tion with normal wort and m the same brewery is stronger with 
Bace I . than II 

with regard to the finished beer, similar differences are noted, 
particularly regarding flavour and resistance to turbidity Most 
•experts prefer II. for flavour, but some difference of opimon exists 
It is otherwise regarding the stabihty of the beer, especially with 
regard to yeast turbidity In this respect the difference is very 
marked J gives a quite exceptionally stable beer, and is specially 
suitable for export beer, which when fermented with this yeast 
remains unaltered for about a month without any further treatment, 
End by mild pasteurisation is rendered stable for much longer 
periods. Bace II , although it displays much finer phenomena 
during the primary fermentation, is unable to produce completely 
stable beer (about ten days m bottles at room temperature), and 
it is also noteworthy that this race is much less resistant to wild 
yeast than I. On account of the rapid clanfioation and qmck 
fermentation of the hquor this race is adapted for beers which 
Ere to be stored for a short tune, and are to be consumed 
immediately. 

In general, it may be stated that the whole of the differences 
indicated have been observed for years m different breweries, 
and that they are so sharply defined that every brewer could at 
once distmgmsh the two yeasts with certainty when they have 
been put mto the fermenting vessel, and could foretell the nature 
of primary and secondary fermentation. In fact, no one could 
be m doubt that we are dealing with two truly distmct races or 
species. 

In the detailed descnptipns of these two races, pubhshed by 
Hansen m 1888 (which might equally well have appeared before 
the author’s pubhcations, as will be seen from the preceding 
historical description), the characteristic distmctions between 
these two species are further emphasised. Amongst other obser- 
vations, reference is made to the giant cells, remarkable and 
abnormal large round cells which suggest the cells of Mucor yeasts 
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In 1908 Hansen described further typical differences, and 
gave the species the names S Carlsbergensis and 3 Monacimau 
S. Carlsbergensis (= No 1) has temperature hmits for budding 
in wort at about 33-5° 0 and 0° C At the maximum temperature 
the cells are considerably larger than at the outset, but have 
approximately the same shape , giant cells are numerous At 
the minimum and up to 9° 0 many of the cells assume the sausage- 
shape, and form large mycehal colomes In the filma elhptical 
and round cells prmcipaJly occur The giant colomes are rosette- 
shaped with a depression, and less frequently a distmct knot m 
the middle, with concentric rmgs and radial streamers , they 
have a smooth or scaly surface and wavy outhne The colomes 
in the usual plate-cultures are bmlt up as small pm heads with 

JFjg 50 — (Jarlaborg low-fermontation yeast No, 1 (after Hansen) 



Pjg. 00 — Carlsborg low-fonncsniation yeast No 2 — a few cells with spores (after Hansen). 

a light groyish-yoUow and waxy appearance. This yeast assimilates 
glucose, maltose, and saccharose dissolved in yeast-water, as also 
in solutions of asparagine and peptone with nutritive salts 
(Kloekor). 

3, Monacensis {= No 2) has temperature limits for budding 
at about 33° and 1°. At the maximum the cells are larger, and 
especially longer, than at the outset, and at the numirium and 
up to 9° 0 , m contrast to the former species, it develops col<mies 
consisting principally of spherical and elliptical cells. In dextrose- 
yoast-water the giant cells may assume huge dimensions In 
the film the cells arc sphencal and elhptical The giant colomes 
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and the small colonies agree m appearance with those of the former 
species * 

As an admirable example of the application of Hansen’s 
biological methods to the differentiation of yeast species, wo give 
the comparison of four low-fermentation brewery yeasts carried 
out by Will This, agam, emphasises the fact that, witliin this 
group, species occur just as clearly distmguished as in those groups 
of Saccharomycetes which have not yet found an industrial 
apphcation WiH began his characterisation by adopting tho 
classification of brewery-yeast types published by the writer in 
1886 He classed Races 93 and 2 as high-fermenting. Race 7 as a 
low-fermenting type, and Race 6 as a yeast of intermediate fer- 
mentation 

The four yeasts can be distmguished as follows — 
jk Race 2 has large roundish or oval cells , tlie ooloiuos on 
gelatine are spherical or lenticular , the spores are formed easily 
and freely, spore-formation takes place between 31° and 11°, 

, the optimum is 26°-26° , film-formation occurs between 31° and 
7° , very slow 

Race 6 , oval cells predommate, but the species has a groat 
tendency to form sausage-shaped cells , colomes on gelatine are 
spherical or lenticular , the spores form easily and freely j sporo- 
formation occurs between 31° and 11° C. , the optimum is 28° , 
film-formation between 31° and 7°, occurring later than with 
Race 7 


The cells of Race 93 are typically oval with a tendency to 
assume^ a roundish shape The colomes m golatme aro sphoi'ical 
or lenticular , spores are freely and easily formed , sporo-forma- 
tion occurs between 30° and 10° 0 , optimum 28° , film-formation 
between 31° and 4°, very feeble and slow, restmg cells occur 
freely m the film 

Race 7 has oval cells which closely approach the spherical 
shape , giant cells regularly occur, and at the end of the fermenta- 
tion large budding colomes with small oval cells freijuently occur , 
the young colomes on gelatme are irregular with a marked wavy 
arm fimged outhne , the species develops spores with great 
difficulty , spore-formation occurs between 30° and 13° , optimum 
26° to 26° , film-formation between 28° and 4° , appears earher 
than with the other species , restmg cells are to be found only 
in small numbers m the film 

^ the CMC of strains Nos 2, 6, and 93, the upper temporatui'o 
hmit of bud-formation m wort is at 36° 0 , m No. 7 at 34° 0 ; 


ex^ples of the formative power of temperature wiU be found m tho 
following desonptions of species As pomted out by Z&, many speoies bobavo likn 
S Oarlsberffensta, at low temperatures the cells are lengthenB il or^saMage-shanod and 
mostly remain grou^ together m budding associations, while at highei tornmnituroa 
^^^e species will present shorter, globular, or egg-shW cells, S So^'Z 
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the lower limit being m all four about 1° C It deserves notice 
that these four bottom-yeasts at the extreme temperatures wdl 
form large buddmg-associations of thick-waUed cells. 

P Lmdner distinguished two species of low-fermentation 
yeast in 1889, which he called Saaz ” (weakly fermenting) and 
‘‘ Prohberg ” (strongly fermentmg) These names have been 
adopted m the literature as a description of weakly and strongly 
fermentmg yeast types m general 

A thorough description of two low-fermentation yeasts of 
the Prohberg type (D and K) has been given by SchOnfeld and 
Pommel D gives longish, almost sausage-shaped cells, K pre- 
dommantly sphencal and oval cells D is more mchned to form 
spores than K. In hanging drops, differences m the shape and 
size of the cells can be remarked K forms budding colomes more 
rapidly and in greater number In the growth of giant colomes 
similar differences have been observed The content of albumen, 
the percentage of ash and phosphoric acid are higher in K than 
in D, and K has a higher specific gravity than D Auto-digestion 
occurs more rapidly with K. K has a higher ‘'raismg power,’’ 
and is more sensitive to high temperatures Fermentation sets 
m more rapidly with K At temperatures above 30° the fermenta- 
tive activity of K yeast is weakened to a much greater extent 
than that of D The film growth of K is capable of fermentmg 
more carbohydrate than the sedimentary yeast, whilst with P 
the difference is ummportant In the brewery, K ferments 10 
per cent higher than D m the fermenting vessel, and gives a lighter 
coloured beer The final fermentation is identical with the two 
species 

SohOnfeld deBnes two types of yeast with the names of 
“ Bruchhefe ” (Breach Yeast) and “ Staubhefe ” (Dusty Yeast), 
the peculiarities shown m the course of fermentation being recorded 
in these names They occur under defimte external conditions 
SchOnfold considers that the former type chiefly arises in breweries 
using more or less marked calcium carbonate water, but dusty 
yeast m such as employ water containing a large amount of calcium 
sulphate. When grown m the same nutrient hqmd, the breach 
yeast is believed to have a higher percentage of albumen and ash 
than the other type 

In 1883-86 very detailed researches were earned out by the 
author in elaborating the principle laid down by Hansen, and 
mtroduced in the Oarlsberg brewery, namely, the apphcation of 
methodically selected pure cultures derived from a smgle cell. The 
experiments were carried out with a view to securing practical 
conditions, and the results ob tamed m the laboratory were apphed 
on a large scale in brewenes m many European countnes The 
reform found acceptance with prominent fermentation technologists 
(especially Thausmg, Lmtner, and Aubry) m the early stag^, and 
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it was gradually incorporated into the courses of all zymoteoh- 
nological institutes 

Saccharomyces cerevislae or Saccharotnyces cerevisiee L 
Hansen. 

This species, described m 1883, is an old English top-fermen- 
tation yeast which is m use m London and Edmburgh breweries 
The yoimg growth of sedimentary yeast developed in wort 
consists essentially of large round and oval cells , truly elongated 
cells do not occur under these conditions 
Ascospore-formation — 

At 37'5° C no asoospores are developed 


36-37 


the first indications are seen after 29 hours. 


36 

» >> 

99 

26 „ 

33-5 

99 

99 

23 „ 

30 

99 

99 

20 „ 

26 

99 

99 

23 „ 

23 

99 

99 

27 „ 

17-S 

99 

99 

60 „ 

16-6 

99 

99 

66 „ 

12 

99 

99 

10 days. 

9 

no asoospores are developed 


Wall of spores very distmct. Size of spores 2-5 to 6 fi. 
Eflm-formatiou — 

At 38° 0. no fihn-fonnation occurs 

feebly-developed film specks are seen 


33-34 


26-28 
20-22 
13-16 
6- 7 
6 


after 


9-18 days. 
7-11 „ 

7-10 

16-30 „ 

2- 3 months. 


no fihn-fonnation occurs. 

Microscopical appearance of the cells m the filma • 

At 20° to 34° 0 , colomes frequent; sausage-shaped and 
curiously formed cells occur. 

• majonty of the cells resemble the original : 

isolated, abnormal forms occur 

hmts for budding m wort are 40° 0 and 1° 
develops mvertase and maltase ; it ferments 
saocharose, maltose, and dextrose, but not lactose. It produces 

^ assimilates glucose, 
“ yeast-water, and m asparagine and 

peptone solutions with nutritive salts. n o ana 
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The first series of pure top-fermentation species were prepared 
by the author in 1884 from material collected m many European 
countnes, with the object of mtroducmg such pure selected types, 
developed from single cells, mto practice. It was soon seen that 
the typical differences between the species were much more pro- 
nounced than IS the case with low-fermentation yeast It was 
found that one group of the species used m breweries had an 
extraordmary weak fermentative activity The fermentation 
ceased, under the conditions existing m the brewenes, when 1 to 
2 per cent of alcohol had been formed m beer-wort , the main 
mass of the yeast usually spread out over the surface of the hquid 
to form a coherent layer 



Fig 61 — ^acclMiomycea ce)&oibi<» 1 (Hansen) --Cell-forms of young sedimentary 
yeast (after Hansen) 



Jfig. 02 . — Sacolwroniycea cetevwtce I (Hansen) — ^Film-foims at IS'^ to 6* 0. (after 

Hansen) 

Species of the second group behave quite differently. Under 
similar conditions fermentation can be earned on for a much 
longer time ; clarification goes on slowly ; and when the primary 
fermentation is at an end the beer is decanted from the yeast, 
which is largely sedimentary. A secondary fermentation takes 
place, the duration varying according to the species 

As representatives of the first group, the species chiefly used 
in Danish breweries may be mentioned, and of the second group, 
many of those adopted m English breweries 

The purely-cultivated Danish top-fermentation species fall 
into two distinct types, accordmg to their chemical activity. 
The first impart a decidedly mild flavour ; the fermentation is 
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weak without noticeable secondary fermentation, and the layer 
of yeast forming on the surface of the hquid is loose and slimy. 
The second type gives a strongly pronoimced flavour, the fer- 
mentation IS stronger, with a tendency to secondary fermentation, 
and the layer of yeast has a dense consistency By long-contiaued 
use of both t37pes the latter has proved to be more generally 
acceptable 

The Enghsh species that have been subjected to examination, 
and have been proved to brmg about a distmct secondary fer- 
mentation, exhibit a great variety of form and a varymg construc- 
tion of spores Many such differences have been recorded, both 
morphological and m relation to fermentation According to 
the observations of the author, the following facts have been 
estabhshed • — 

The formation of cells at the different stages of alcohoho fer- 
mentation was determined by growths which were first kept for 
a long time m a 10 per cent sugar solution, then grown for several 
generations m beer-wort, and finally developed for twenty-four 
hours in Pasteur flasks at 26° C. The development of the films 
and their appearance to the naked eye were studied m cultures 
in Erlonmeyer flasks at room temperature (about 20° 0 ) Cultures 
m Pasteur flasks at room temperature were used for deter- 
mining the physical character of the sedimentary yeast. The 
fermentation experiments were carried out at room temperature 
in sterilised, hopped wort contained m tail oylmdncal glasses 
covered with several layers of filter paper After the primary 
fermentation was completed, the hqmds were poured mto sterile 
flasks and allowed to stand at low temperatures The amount 
of alcohol was determined at the completion of the primary 
fermentation and agam after the first fortnight of the secondary 
fermentation, and, lastly, after the foUowmg fortmght. The 
primary fermentation was mterrupted when the appearance of 
the colls showed that the first vigorous development had ceased. 
In this comparison no attempt was made to ascertam the total 
quantity of alcohol produced by the species during primary and 
secondary formontation the object was simply to institute a 
comparison 

Tho flavom’ of the fermented hquor was recorded after the 
boor had undergone a secondary fermentation at a low temperature 
m flasks closed first with cotton-wool and afterwards with ground- 
glass stoppers 


1. {F%g. 64, a, and Ftg. 66, a) 

Tho colls durmg fermentation are comparatively small, oval, 
and hnked m chams , among them occur big, round and grotesque 
forms. 
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The yeast lies rather loose in the flask ; if shaken' it does not 
distribute itself equally in the wort, but separates into clots.] 

Edm-formation . After a lapse of 31 to 32 days a very thin 
film covers almost the whole surface of the liquid. 



Bbg. 64— o-i, Toiing growths of English top-yeasts (Holm). 

The cells of the film are of about the same size as those seen 
annng the primary fermentation , some cells much elongated. 
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When the principal fermentation was interrupted, the liquid 
contained 2*49 per cent by vol. of alcohol , during the two 
foUowing periods (see above) 0 31 and 0 67 per cent by vol. were 
produced 

Production of acid, after expulsion of COj, corresponds to 6 c o. 
of decmormal caustic soda solution 

The fermented hqmd has an agreeable smell and a fine aromatic 
taste. 

2 F%g 64, b, and Fig 65, b.) 


During fermentation most cells are free, medium-sized, round 
and oval , among them there occur round and oval giant colls 
The yeast hes loose m the flask , if shaken slightly, it is distnbutcd 
like a cloud throughout the hquid 

Fdm-formation After 31 to 32 days, a few large patches. 

The cells of the film are smaller than those soon during primary 
fermentation , eUipsoidal and slightly lengthened 

The spores are big, if developed at a low temperature , for- 
mation of partition walls readily occurs 

At 11° to 12° 0 very few spores occur on the seventh day ; 
at 26° C rather abundant spore-formation m forty hours. 

When the prmcipal fermentation was mterrupted, the liquid 
contained 2‘3 per cent by vol of alcohol , m the two following 
periods 1 and 0 46 per cent by vol were formed. 

Acid-production 6 
Disagreeable smell and taste 


3. (Fig 64, c, and Fig 66, c ) 

Durmg fermentation the growth shows free cells and small 
cham-formations of oval forms , a few globular giant cells. 

The yeast hes very compact in the flask , it partially rises in the 
hqmd only when violently shaken 

Pilm-formation In 31 to 32 days the growth forms a very 
thm film, which does not cover the entire surface of the hquid 

Some of the cells of the film have the same size and shape 
as those seen during primary fermentation , others are slightly 
lengthened 

If developed at a low temperature, the spores are of very varied 
size, with comparatively feeble refractmty, and without distmot 
vacuoles Partition-wall formations occur At 11° to 12° 0., 
in seven days, only rudiments of spores appear * at 26° 0 , m 
forty hours, spores are very freely formed 

When the prmcipal fermentation was mterrupted, the hqmd 
contamed 2 ‘26 per cent by vol of alcohol , durmg the following 
two periods 0‘79 and 0 00 per cent by vol were formed. 
Aoid-production 6 '6 
Disagreeable smeU and taste 
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4, {Fig 64, d!, and Fig 65, d ) 

During fermentation, colomes consistmg of many small spherical 
cells occur, and among these sphencal giant cells 

The yeast lies loose m the flask , if sbghtly shaken, it is distributed 
like a cloud throughout the whole hqmd 

Film-formation After 31 to 32 days, only the merest trace. 

The cells of the rmg-growth occur m colomes, which some- 
times contam upwards of a hundred cells, all derived from a smgle 
cell , the youngest growths are elongated and very narrow. 

The spores, if developed at a low temperature, are small and 
vacuolised At 11° to 12° C , even after a fortmght, no spore- 
formation , at 25° C , for forty hours, a very scanty development 
of spores 

When the principal fermentation was interrupted, the hquid 
contained 1 8 per cent by vol of alcohol , during the following 
two periods 1 and 0*82 per cent by vol were formed, 
Acid-production 5 6. 

Disagreeable smell and taste 

5 {Fig. 66, a, and Fig 67, a ) 

• 

Duiing iermentation most cells arc tree, medium-sized, and 
oval 

The yeast lies rather loose m the flask , il shaken, it is not dis- 
tributed equally m the wort, but separates mto clots 

Film-Iormation ' After 31 to 32 days a distinct film, which, 
however, does not cover the whole surface, and subsequently 
develops slowly. 

The ooUs of the film have a very different appearance from 
those soon in the fermentation-stage Many of them are much 
lengthened and irregularly twmed , some have developed a ramified 
mycelium. 

If developed at a low temperature, the spores ore small, coherent, 
granulated At 11° to 12° 0 no spores appear within a fortnight , 
at 26° 0., a very scanty spore-formation t^es place in forty hours. 

When the principal fermentation was interrupted, the hquid 
contained 2-49 per cent by vol of alcohol , in the following two 
periods O'80 and 0*12 per cent, by vol. were formed. 

Acid-production 6-2 

Agreeable smell and fine aromatic taste 

6 {Fig. 06, b, and Fig 67, b ) 

The colls are round, oval, and elongated during fermentation, 
all forms oocurrmg in chams , isolated round giant colls occur 
The yeast lies rather compact m the flask ; it requires strong 
shaking to distribute the cells equally throughout the liqmd. 
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of film-formation. After 31 to 32 days the film had not developed 
further 



Jf’ig 07.— o-e, Mm-fonnations of Enghsh top-yeasts (Jorgenson) 
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The cells of the rmg-growth cannot be distinguished from those 
occurrmg durmg alcohohe fermentation 

If developed at a low temperature, the spores are com- 
paratively small, granulated, with no distinct vacuoles At 11° 
to 12° 0 , for seven days, very few spores arc formed , at 25° C., 
for forty hours, a scanty spore-formation takes place 

When the prmcipal fermentation was interrupted, tlie liquid 
contained 1 85 per cent by vol of alcohol , during the following 
two periods 0 65 and 0*2 per cent by vol were formed 
Acid-production 6. 

Agreeable smell and slightly aromatic taste. 

7 {F%g 66, c, and F%g 67, c ) 

Durmg fermentation round and oval cells, some free, others 
linked m short chams 

The yeast lies rather compact m the flask , violent shaldng is 
required to distribute the cells equally throughout the hquid, 

Eihn-formation After 26 days a thin, almost continuous 
film appears, which m the course of the next five to six da3^s forms 
a conspicuous covering extendmg over the whole surface of the 
liquid. 

The cells of the film have in the mam the same shape as those 
seen durmg fermentation , only the youngest generations are 
elongated and narrow 

If developed at a low temperature, the spores are medium 
sized, with no distmct vacuoles At 11° to 12° 0 , after nine days 
fully developed spores appear , at 25° 0 , for fo:rty hours, spores 
are formed freely 

When the prmcipal fermentation was mterrupted, the liquid 
contained 2*4 per cent, by vol of alcohol , during the following 
two periods 0*95 and 0 00 per cent by vol. were formed. 
Acid-production 6 5. 

Agreeable smell and shghtly aromatic taste 

8 {Fig 66, d, and Fig 67, d ) 

Durmg fermentation, round, oval, and elongated cells, both 
free and linked together 

The yeast hes rather compact m the flask ; on violent shaking 
the cells are distnbuted equally throughout the hqmd 

iktm-formation After 31 to 32 days very shght isolated 
patches of a film on the surface, and a shght rmg of yeast-cells 
on the glass, round the edge of the hqmd 

The cells of the film have assumed qmte different shapes from 
those of the fermentation-stage , they are very much lengthened, 
mycehal, and irregular 
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n developed at a low temperature, the spores are medium- 
sized, with no distmct vacuoles. At 11® to 12° 0. spores are formed 
pretty freely on the ninth day , at 26® C , they are formed freely 
m forty hours 

When the principal fermentation was interrupted, the hqmd 
contained 2*77 per ocnt by vol. of alcohol , durmg the following 
two ponodfl 0-98 and O-OO per cent, by vol were formed 

Aoid-produotion : 6'6 

Odour good, but bitter, persistent taste. 

9. {Fig. 66, e, and F%g 67, e.) 

During fermentation a very uniform growth of big, round 
and oval coUs 

The yeast lies rather loose in the flask, on shakmg, the cells 
are distributed equally tluoughout the liquid 

Film-formation . In 31 to 32 days very slight, isolated patches 
oil the surface, and a slender rmg of yeast cells on the glass, round 
the edge of the liquid. 

The colls of the fllm fhffcr but httle from those of the 
lermontation. ‘ 

If developed at a low temperature, the spores are medium 
in size and granulated. At 11® to 12® 0. spore-foimation sets 
m on the mnth day , at 26® 0, for foity hours, a somewhat scanty 
sporo-tormatioii talcos place, accompanied by a considerable 
formation of net-work. * 

When the principal fermentation was interrupted, the liquid 
contained 2*96 per cent, by vol of f\,lcohol , during the following 
two ponods 1 -19 and 0-00 per cent, by vol. were formed. 

Acid-production . 7. 

Odoiu' good, pronounced vmous taste 

By comparing the figures of these nine races or species the 
interesting observation will be made that their morphological 
difloroncos ore much more pronounced in the film-vegetations 
than in those formed during alcoholic fermentation. 

Jlogons burger has since undertaken very detailed comparative 
experiments with throe spocioa of top-fermentation yeasts, which, 
like the examples just referred to, display characteristic (Merences 
in the general appoaraiioo of the young growths Spore-formation 
occurs within didermg ponods, and confonns to the rule laid 
down by the author many years ago that the development of 
spores usually takes place more rapidly with top yeasts than with 
bottom yeasts. Those species also differ very distinctly m the 
visible course of feimontation, m the cardinal pomts for skin 
formation and in the development on sohd substrata. 

It was at one time assumed that purely-cultivated top yeasts 
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would quickly become impure on account of the prevailing high 
temperature Experience has shown that this objection carries no 
weight, that great progress may be made in this field, and that 
considerable advantages may accrue from the use of a single 
selected type A further objection raised was that it is impossible 
by of a single species to obtain a stable secondary fermenta- 

tion, a wrong assumption previously made m connection with low- 
fermentation yeast Van Laer strongly emphasised this view, 
and while he freely admitted that low yeast types exist, capable 
of carrying through a normal secondary fermentation, he behoved 
that the author was wrong m asenbing the same properties to top 
yeasts. Notwithstandmg the practic^ results attained by exact 
experiments earned out -with selected types, even when due allow- 
ance was made for the special Enghsh conditions referred to by 
van Laer, and m spite of the fact that no exact proof was forth- 
coming to warrant the opposite view, the author’s experience 
was ignored, and van Laer prepared mixtures of top-yeast speoios 
which were distnbuted for use m brewenes. They were designed 
to satisfy practical demands, the mtention beir^ that one species 
should carry through the primary fermentation, the other the 
secondary fermentation It is true that the possibility is not 
excluded that such a composite yeast could be prepared, but 
even when van Laer’s preparations gave good residts m practice 
it could not be proved that it was due to the activity of the com- 
posite yeast as such It niust-first be demonstrated that this new 
yeast really reacted as a composite yeast — i.e , that the different 
constituents are really capable of acting together In conjunction 
with J C Hohn, the author mvestigated many of the prepara- 
taons distributed throughout the mdustry, audit was shown that even 
during the primary fermentation one of the species very strongly 
predominated, whilst m the secondary fermentation the other 
specie disappeared Thus the problem of preparing a truly com- 
posite yeast had not been solved The experience of subsequent 
years has always confirmed the correctness of the first results, 
even in fermentations earned out on the English system. It is 
possible in both top and bottom fermentations to carry out the 
whole primary and secondary fermentation with a singl e selected 
species 

Qmte recently the question of using two species m English 
top-fermentation has been re-opened It has been supposed that 
the secondary fermentation of stout is brought about by certam 
species of Torula (two are desenbed m the systematic part of this 
•chapter), and that it is due to their activity that this variety of 
beer acquires its peouhar sourish taste Here, however, two 
separate facts have been confused The true secondary fermentation 
is earned out by the properly selected type of 8aceharompces, and 
can be regulated like any other secondary fermentation In this 



TBASTS 


319 


connootion the activity of the Toridas is mmecessary, as may 
plainly he seen from the fact that m every European country, 
and in other parts of the world, as shown by the author, stout 
and similar lands of beer can be prepared from one of certam 
selected types of yeast These species of Torula are to be reckoned 
in the same category as the lactic-aoid bacteria, acetic-aeid baotena, 
Sarcma, etc , which also impart a special taste to a fermented 
wort. If such a taste is desired, it is of importance to regulate 
the activity of the organism m question, so that the quantity 
of the peouhar fermentation or assimilation product may stop 
short of a given limit If this is exceeded the liqmd becomes 
undnnkablo 

There seoms to be a typical difference between the races pre- 
dommatmg m Enghsh top yeasts, the North Country yeast (e g., 
in the Yorkshire stone square system) being charactensed as 
slow fermentmg, and that used m Burton and London as -fast 
fermenting. 

A most important corroboration of the results amved at by 
the writer in regard to the use of smgle-ceU cultures m English 
top-fermentation is given m Horace T Brown’s Remimsoences 
of the application of scientific methods m brewmg practice (1916) 
This emment scientist says — “ The pure yeast beer, on an average, 
did not show any marked supenority over those brewed with the 
ordinary brewery yeast, as regards flavour, bnUiancy, and general 
■qualities ” This observation really goes to prove that the whole 
fermentation can be earned through by one smgle species. Even 
if tho best methodical selection is made from the different 
races composing brewery yeast, the brewer cannot expect to obtain 
better results than the normal, providmg that the pitchmg yeast is 
free from foreign germs and that a good race predommates , but 
by a rational treatment of the pure-oiiltivated yeast it becomes 
possible to guard against all those irregulanties of fermentation that 
may arise from tho use of common yeast, which is always a mixture 
of several races and (as showil by the water’s numerous researches) 
often contains wild-disease-yeasts. Brown adds that “ the pure 
yeast beers were slower in conditiomng than the correspondmg 
samples from the ordmary yeast ” But this mconvemence can be 
remedied by a methodical selection from the yeast races and a 
correct treatment of the yeast durmg the development of the culture 
and afterwards; for, on the evidence of experiments on many 
micro-organisms, mcluding yeasts, the maturing required m certam 
English beers can doubtless be secured and even accelerated by a 
proper adaptation. 

After the author had introduced pure cultures mto top-fer- 
mentation practice in many European countries, the reform met 
with general agreement. The work was taken up m its early 
stages by JECokosinsky, de Bavay, M'Cartie, W. R. Wilson, A IMillar, 
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and R Gray, to give but a few names At a later stage, J Sohon- 
feld introduced selected types of top yeasts into many German 


In the case of top^fermentation lactic-acid beers, like German 
“Weissbier,” the rational treatment must consist m the main 
in first ca^ying through a lactic-aoid fermentation, and then 
applying the pure-cultivated top yeast 


(6) Distillery and Pressed Yeasts. 

To solve the problem whether distillery and pressed yeasts 
are capable of forming endogenous spores, a possibility domed 
by Wiesner and Brefeld, the author, m 1884, undertook an exact 
examination of a number of samples of such yeasts, and in the 
same year, together with Hansen, published the results m Dingler’s 
Polytechnic Jownal, showmg that there is no possible difficulty 
m obtammg an abundant and rapid spore-formation from thcHC 
species At the same time the author was able to arrive at certain 
conclusions regardmg the composition of such yeast By the help of 
fractional cultures, it was found that both top and bottom, fermentalicyfb 
species occur m ordmary distillery and pressed yeast Purtlier 
investigations showed that m one and the same mass of yeast 
two morphologically different types may frequently occur, one 
chiefly giving isolated cells m a fully-developed state, the other, 
budding colomes of many cells It was impossible, however, to 
trace any connection between this distinction and the fermentation 
phenomena brought about by the two species The two morpho- 
logical types remain unaltered after bemg preserved for years 

Detaffed researches further showed that yeast used m dis- 
tilleries includes a multitude of clearly distmguishable types, and a 
few years later pure selected races from the author’s laboratory 
were first mtrodueed mto yeast factories, and then mto the dis- 
tilleries of Northern Europe and mto Molasses factories 

Owing to the physiological state of the species very important 
differences were exhibited with respect to propagating power, 
yield of alcohol, character of the alcohol, etc , and it was necessary 
in many cases to prepare the absolutely pure culture from the yeast 
m each mdividual factory. By expert apphcation of such cultures, 
and particularly by a rational lactic acidification, which arrests 
the development of foreign organisms found m the mash, it was 
possible to secure a higher yield and a better quahty both of alcohol 
and of yeast Rayman and Kruis have undertaken elaborate 
mvestigations with regard to the charactei of the distillate obtained 
by the use of different species 

In 1890 the Berhn Experimental Station sent out the first 
yeast species cultivated from this group by P. Lmdner It was 
described as Pace 2, More recently another species, Race 12, 
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has been brought into practical use, and this appears to be preferred 
according to Lindner’s communications, both m potato riifl t,i 11 flr 7 P 3 
and in pressed yeast factories 

Henneberg has given a detailed description of both species, 
from which it may be noted that the giant colomes differ in appear- 
ance. In Race 2 they have an almost smooth surface, scored by a 
few shallow, concentric and radial furrows , the outlme is fairly 
straight Race 12 has a very uneven surface, scored by deep, 
irregularly radial furrows The ndges so formed constitute an 
extremely delicate concentric pattern, and the outlme is formed 
erratically by the termmation of the ndges at varymg distances 
from the centre The small colomes m plate-cultures axe similar. 
Race 2 has feebly-developed buddmg colomes, whilst Race 12 forms 
large and dense clusters The cells of 2 are an elongated oval ; 
those of 1 2 are roundish and oval 

(c) Wine Yeasts. 

When a number of pure growths aie isolated from the usual 
elliptical wine yeasts, it will readily be seen that they vary greatly 
in morphological character, under similar conditions of cultivation, 
especially if the general appearance is taken into account Species 
with both largo and small colls and every mtermediate form are 
mot with, from elongated and ehiptical, to oval and almost sphencaJ. 
Pastormmus forms of yeast also exist Before 1890 a senes 
of such t 3 fpes, exhibiting stable morphological characters, and 
displaying oharaotenstio differences in spore-formation, had been 
isolated in the author’s mstitute 

Hansen had published further information regarding the 
individual species m his description of 8 elhpsoideus I. (see 
following section), and subsequently in his notes legaxdmg Johanms- 
berg II. Ho found that the temperature limits for buddmg m 
wort by the last named species are 37° to 38° 0 and 0 6° 0 , for 
Hporo-formation on gypsum blocks 33° to 34 5° C and 2° to 3° C 
ffurtbor publioatioixs we owe to Aderhold, Hotter, Kayser, Marx, 
Miillor-Thurgau, Seifert, Wortmann and others 

As examples of the different biological characters observed m 
wine yeast, wo will discuss more closely a few of the species de- 
scribed by Aderhold. 

Johannvsberg I. has round or oval-pointed cells , in the young 
film, produced at 26° to 27° 0 , the cells are oval , spores appear 
in 28 to 30 hours at 26° to 26-6° C * 

J ohauivmb&'g II has large oval cells, characterised by longish 
but blunt ends. The film cells are round, oval, and sansage-shaped , 
spores are formed within 23 to 24 hours. 

KreimMch has the same cell-formation as the previous species, 

* SiinilflX tomporalui'cs hold good ior the following species. 


21 
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but somewhat smaller, film cells like JoJianmab&rg I , spores 
m 30 hours 

Midhetm has broad, oval, and, less frequently, round colls, 
with short pomted ends smaller than the previous species ; only 
round and oval film cells , spores within two to three days 

W(dporzJieim I has round cells, the oval forms scarcely pointed ; 
often budding colomes m the film, elongated linlcs forming an 
axis for the colony surrounded by round cells , spores m 80 hours. 

PiespoH , predominantly elhptioal cells without pointed ends , 
only sphencal cells m the film , spores in 23 to 24 hours. 

Grown on sohd substrata, doffeienoes can be observed in the 
development of colomes 

Extensive researches made by Muller-Thujgau and Wortmann 
have shown that the wme yeasts may be ranged in characteristic 
groups Thus, Rhine wme yeasts exhibit a common chai’aotor 
by which they distmguish themselves from yeasts native of the 
Moselle distnct or of Champagne, and so on These inquirers, 
therefore, recommend, m general, that the must be fermented with a 
yeast derived from the region m which the particular wine is grown. 
By way of example, MuUer-Thurgau, m regard to red wine, points 
out the importance of usmg only yeast isolated from the ooiTOspond- 
ing must, as yeast-races from white musts, however excellent 
they are for these, show a slow growth and weak fermentative power 
m red musts. 


Pure selected races have gradually been introduced in largo 
numbers mto wme fermentation by Jaquemin, Kayser, Mart- 
inand, Muller-Thurgau, Ritsch, Rommier, Wortmann, the author 
and others Muller-Thurgau and Wortmann, among others, have 
indicated and proved the importance of these pure cultures, as the 
VTne is dommated by the pure yeast throughout eveiy stage of its 
development, extendmg, it may be, through many years * 

Ih the fermentation oi fiuit jutces the use of specially selected 
yeasts must be of great practical importance, because, as an 
exammation of the juices reveals, tree-frmts m particular generally 
harbour on their surface far larger numbers of foreign germs capable 
of development (bacteiia and moulds outnumbermg the yeasts) than 
grapes As is well known, vanous fiiut-wmes (apple-wme or 
cider, par wme or perry, etc ) are manufactured m considerable 
quanfaties » m^y countnes, and the requisite fermentations 
have been studied by Kayser, Muller-Thurgau, Wortmann, Barker, 
GroTO and oth^ A few of the species discovered are mentioned 
in the systematic part of this work The pure cultures employed 
for sph pmposes are isolated sometimes from wme yeasts, and 
sometimes (more reasonably) from various species occurring in 
spmtaneous fermentations of fruit juices, Muller-Thurgau Ind 
Osterwalder, usmg yeasts of the latter class, obtained satfsfaotory 

•Seethe section on the behavionr of Saccharomyeetea with sugars, etc 
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results, more particularly when types were chosen which were not 
only endowed with high fermenting and inverting powers, but, 
by developing a suitable amount of non-volatile acids, were also 
capable of making up for the deficiency of apple- or pear-juioe 
r Wadenswil, 1905, 1906; Landw 

d Schweiz , 1908, 1910) Selected wine yeasts appear to 
be of value in cases where bouquet formation is wanted, as in 
berry- wines* In the case of English, cider ^ Barker and Grove found 
laz’ge quantities of foreign orgamsms in the raw juice, and pointed 
out the difficulties thrown in the way of the use of pure cultures 
by tho fact that apple-juice contains only a small amount of 
albuminoids, so that the yeast is soon weakened and suppressed by 
bacteria. By pasteurising the must at 70‘=‘ 0 , and, when necessary, 
adding proteids, satisfactory results were obtained (without tho 
product showing a cooked taste), particularly with a yeast isolated 
from a cider It appears that a biological purification can be 
effected by means of formaldehyde, which "will gi'adually enter into 
combination with certain constituents of the juice. 

Cocoa Fermentation. — Regarding spontaneous formentation of 
cocoa beans, careful biological investigations were made by Davies 
in Jamaica {vide Bibliography, Bambndge and Davies). Tho 
beans with the adhering pulp are placed in large fermenting boxes 
with false bottoms and loose covers, so that the forniontation 
proceeds in the presence of traces of air In tho course of the fij\st 
day and night, a temperature of 35° to 40° C is reached, which 
afterwards I'lsos to 40° to 45° C., and if the fermentation is allowed 
to j)roceed f urther for five or six days, tho temperature rises to about 
50° 0, If tho fermentation is coniuiuod still further the tomporaturo 
drops. Bvery second or third day the mass is completely mixed 
by transferring to anotlior box Durmg the process, which proceeds 
vigorously, the surfaco of the beans changes gradually from white 
or pale pinlc to ncli brown, while at the same time charaotoriatio 
odours are developed. Biologically, three stages can be clearly 
distinguished In the first stage, after some twelve liours, there 
appear an abundant development of Sacch, apiculaUis and a oom*- 
parativoly scanty growth of 8. anomalns Thereafter comos an 
enormous development of true saccharomycetes with round and 
oval cells , this growth attaining its maximum on the second day, 
a quantity of alcohoho liquor at the same time draining away. 
Tho third stage is oharaolensod by a rich development of acetic 
acid bacteria, carried to a large extent into the boxes by tlio 
^‘ vinegar fly (Drosophila)- The dramings now consist of dilute 
vinegar. Tho true fermentation is then at an end. If the process 
is continued for eight or nme days more, a development of spore- 
forming bactona of the subtilis type appears, and the odour which 
has gradually changed from sweet and fruit-like to strongly 
alcohoho, ethereal, and then strongly acetic, will finally change to 
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that of high game The beans are partially freed from pulp 
during fermentation, and are subsequently dried If thia 
takes place m the sun, a modified fermentation will occur at 
night, and the surface of the moist beans will be found covered 
with large colomes of yeast and bacteria In the coui'se of the 
fermentation just described, the chemical composition of tho beans 
gradually changes A number of the products of fermentation 
percolate mto the bean and the less volatile constituents remain 
m the dry kemal On subjectmg the roasted beans to distillation 
the early fractions of the essential oil of cocoa were found to bo 
associated with esters derived from the fermentation, which un- 
doubtedly enhanced the quality of the bean A prolonged fer- 
mentation results m the loss of some of the carbohydrate and 
albununoid constituents of the bean, leavmg a substance richei'* 
in fat The careful research described has shown fermentation 
to be of great importance m dete rminin g the quahty of cocoa. 

One of the yeast species concerned was described by Proyor 
under the name of Sdcch theobromaey the cells are very short ; each 
of which is said to form a considerable number of spores at 26° 0. 
in the course of twenty hours It does not mvert saccliaroHO, and 
soon perishes m a solution of this sugar 

Further observations regardmg cocoa fermentation were made- 
by Preyer (Der T'topenpflanz&r, 1901), Chalot, and Perrot. 
Summarised m Hamel Smith's pubhcations 


2. Yeasts not yet aepiied Indttstuat .t. t 


Sacdiaromyces Pastorlanus or Saccharomyces Pastorianus I. 

Hansen (Figs 68, 69), 


Bottom-fermentation yeast 

Sedimentary forms developed in wort — Predominantly 
elongated and sausage-shaped, also large and small oval and 
round cells (Fig 68) When this species is cultivated m wort 
near its maximum temperature for growth, its vegetation consists . 
of sausage-shaped and elongated cells The temperature hmits 
for budding m wort are 34° and 0 5° C. 

It frequently occurs in the air of fermenting rooms, and us 
also found m diseased beers It imparts to beer a disagreeable 
bitter taste and unpleasant odour , it may also produce turbidity 
and interfere with the clarification of beer m the fermenting vohsc'L 

Accordmg to the investigations of Mach and Portclo tins 
species may also he successfuUy used m wme fermentation . 


systematic reasons, however, we have embodied m this olmiitei Kpvoial 

wtStioT" “ . -r-i K 
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Saccharose, dextrose, Isevulose, and maltose are fermented^ but 
not lactose It assimilates glucose, maltose, and saccharose iu yoast- 
«y^ater, and in solutions of asparagme with nutritive salts 



Fig 08 — Sacclmomycaa Paatoi lanus I (Hansen) — Cell*fornis of young sedimontory 

yeast (atter Hansen) 



Fig 00 — iiacchjLiomyc&s Paalonanus I (Hansen) — ^Film -forms at 13® to 16® CJ., 
from Holm's drawing in Hansen's Memoir 
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Aacospore-formation (Fig 58, 2) — 

At 31*5° C no ascospores are developed 

29*5-30‘6 tlie first indications are seen after 30 liours^ 

29 „ „ 27 „ 

27-5 „ „ 24 „ 

23-6 „ „ 26 „ 

18 » » 36 „ 

IS . » „ 60 „ 

10 „ „ 89 „ 

8-5 „ „ 5 days. 

7 1) »j 7 ,, 

3-4 „ 14 „ 

0-5 no ascospores are developed. . 

Size of spores 1*6 to 6 yu, 

Jym-formation ' — 

At 34° 0 no film -formation occurs 
26-28 feebly-developed film-specks 

are seen after . 7-10 days. 

20-22 „ 8-16 „ 

13-15 „ „ 15-30 „ 

6- 7 „ „ 1- 2 months 

3- 6 „ „ 5- 6 „ 

like Fig 69, but without the large colomes 
2- 3 no filin-formation occurs 


[(Fig 


69. 


Microscopic appearance of the cells m the films — 

At 20° to 28° C almost the same forms occur as m the sedi- 
mentary yeast 

At 13° to 16° C strongly-developed mycelial colomes of verjr 
elongated, sausage-shaped cells are fairly frequent (Fig. 69). 

In old cultures of films the cells are smaller than m the 
sediment , very irregular and sometunes almost thread-hke cells 
are found 


Saccharomyces Intemiedius or Saccharomyces Pastorianus IL 
Hansen (Figs 70, 71 ) 

Feeble top-fermentation yeast 

iSedimentary forms grown m wort — Mainly elongated, sausage- 
shaped cells, but also large and small, oval, and round cells (I^. 
70). 

When this species is cultivated m wort near the maximum 
temperature for growth its vegetation consists of roimd and oval 
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cells. The temperature limits for budding m wort are 40“ and 
0*5“ C 

It frequently occurred m Hansen’s analyses of air m the 
brewery , it appears to belong to the species which do not cause 
diseases in beer Saccharose, dextrose, laevulose, and maltose 
are fermented, but not lactose. 

Ascospore formation (Fig. 58, 3) : — 


At 29° 0. no ascospores are developed. 

27-28 the first mdications are seen after 34 hours. 



Fig 70 — SaaAaromyoes Paatonanus II Fig 71 — Saccharomyeta Paatoriarma JI 
(Hansen) -Cell-fonns oi young sedi- (Hansen) — Film-foms at 16° to 

mentary yeaet (after Hansen) 3° C (after Holm's drawing in 

Hansen's Memoir) 

Film-formation : — 

At 34° 

26-28 

20-22 
13-16 
6- 7 
3- 6 
2- 3 


G no film-formation occurs, 
feebly-developed film-specks 


are seen after 


7- 10 days. 

8- 16 „ 
10-26 „ 

1- 2 months. 
6 - 6 ,. 


■(Fig.71.) 


no film-formation occurs. 
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Microscopic appearance of the cells m the films — 

At 20° to 28° C , almost the same forms as in the sedimentary 
yeast , also irregular sausage-shaped cells 

At 15° to 3° C 5 mostly oval and round cells 
In old cultures of films the ceUs are smaller than in the sediment ; 
very irregular and sometimes almost thread-hke cells are found 
Streak cultures of this species m yeast-water gelatine give 
growths with comparatively smooth edges after sixteen days 
at 15° C , and m this respect it also differs from the following 
species — 

Saccharomyces valldus or Saccharomyces Pastorianus III. 

Hansen. (Figs 72, 73 ) 

Top-fermentation yeast 

Sedimentary forms grown m woit — ^Mostly elongated, sausage- 
shaped, but also large and small oval and round cells (Fig 72). 
When this species is cultivated m wort near the temperature 



Fig. i2 Saccharomyces Pastorianus III (Hansen) — Cell-foinas of young sedimentary 

yeast (after Hansen) 

ma xim um for growth, the vegetation consists of round and oval 
cells The temperature limits for budding m wort are 39° to 40° 
0 and 0-5° 0 

It was separated from a bottom-fermentation beer which 
showed yeast-turbidity, and has been proved by Hansen to be 
one of the species which produce this disease Recent experi- 
ments of Hansen show that this disease-yeast possesses another 
peculiar property ^its addition will m certain oases effect a clan- 
hcation when the fermentmg woii; has an opalescent appearance 
^ Accordmg to investigations made by the author, a strong 
miection of low-fermentation yeast with this species may in certam 
oases effect an excellent clarification and good “ brealang ” m 
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both fermentation vessel and cask Sacohai’ose, dextrose, Isevulose, 
and maltose are fermented, but not lactose 

Ascospore-formation (Fig 58, 4) — 

At 29° C no ascospores are developed 


•28 

the first indications are seen after 

35 

hours 

26-6 

99 

99 

30 

99 

25 

99 

99 

28 

99 

22 

99 

99 

29 

99 

17 

99 

99 

44 

99 

16 

99 

99 

53 

99 

10-5 

99 

99 

7 

days 

8-6 

99 

99 

9 

99 

4 

no ascospores are developed. 




Size of the spores 2 to 6 /t 



Fig 73 —Sacckaomyeea Pattoriama III (Hanaen) -Film-forms at 16“ to 3“ C , 

(after Hansen) 


Film-formation . — 


At 


34° C 
26-28 

22-20 
13-16 
6- 7 
3- 6 
2- 3 


no film-formation occurs 


feebly-developed fiOm-specks 

are seen after . 7-10 days 


a 

99 

99 

99 


99 

99 

99 

99 


9-12 „ 

10-20 „ 

1- 2 months -(Fig 73 ) 
6-6 „ . 


no film-formation occurs 


Microscopic appearance of the cells m the films • — 

At 20° to 28° 0 • Almost the same forms as m the sedimentary 
yeast. 
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At 15° to 3° 0 Strongly-developed colonies of elongated, 
sausage-shaped or thread-late cells, which closely resemble a 
mycehum in appearance (Fig 73) 

In old cultures of films, the cells have the same forms as at 
15“ to 3° C , but are often still thinner and more thread-hke 

Streak cultures of this species m yeast-water gelatme, after 
sixteen days at 15“ 0 , give growths with distmotly hairy outline 


Saccharomyces elUpsoideus or Saccharomyces ellipsoldeus I. 

Hansen (Pigs 74, 76 ) 

Bottom-fermentation yeast 

Sedimentary forms grown m wort — ^Mostly oval and round 
cells , sausage-shaped cells are rare (Fig 74). 

If this species is cultivated m wort near the maximum 
temperature for growth, the vegetation consists of round and 
oval cells The temperature limits for budding m wort are 40“ 
to 41“ C. and 0-6“ C Saccharose, dextrose, leev^ose, and maltose 
are fermented, but not lactose. Assimilates glucose, maltose, 
and saccharose m yeast-water and m solutions of asparagine and 
nutntive salts 

Occurs on the surface of npe grapes 



Fig 74 — Saccharomyces ^ipsoideua I 
(Hanfien) — Cell-fonns of young 
sedimentary yeast (aftei Hansen). 


Ascospore-formation (Fig 68, 5) — 

At 32'6“ C no ascospores are developed 
30‘6-31-5 the first mdications are seen after 36 hours 

23 „ 

21 » . 
33 „ 

45 

4^ days. 
11 


29 5 
26 
18 
16 
10-5 
7-6 
4 


no ascospores are developed. 
Size of the spores 2 to 4 
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I'llm-formation : — 

At 38° 0 no £Qm-fonnation occurs 
33-34 feebly-developed film-specks 

are seen after . 8-12 days. 

26-28 „ „ 9-16 „ 

20-22 „ „ 10-17 „ 

13-15 „ 16-30 „ (Fig 76.) 

6-7 ,, „ 2- 3 months. 

6 no film-formation occurs. 



Pig 75. — Saeehatcnnj/oea Mtpsotdeus I (Hansen) — ^Pilm-fonns at 13° to 1B° C 
(from Holm's draving m Hansen’s Memoir). 
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Microscopic appearance of the cells in the films — 

At 20° to 34° C and 6° to 7° C the cells are smaller and more 
sausage-shaped than m the sedimentary yeast. 

At 13° to 16° 0 , freely-branched and strongly-developed 
colomes of long or short sausage-shaped cells, often with vorticiUated 
branches (Fig 76) 

In old cultures of films, the ceU forms are the same as at 13° 
to 16° C 

Streak cultures of this species in wort-gelatine (wort with 
the addition of about 6-6 per cent, of gelatmo), m the course 
of eleven to fourteen days at 26° C , give — ^m contradistmction 
to the other five species — ^a characteristic net-like structure, by 
means of which it can be distmguished by the naked eye from 
other species 


Saccharomyces turbindans or Saccharomyces ellipsoldeus II. 

Hansen (Figs 76, 77 ) 

Usually a bottom-fermentation yeast 

Sedimentary forms grown m wort — Oval and round colls 
predommate , sausage-shaped cells are rare (Fig 76) 



Rg 76 — Saccfiaiomyces ellijisoidens II 
( H a n sen) — Cell-forms of young sedi- 
mentary yeast (after Hansen) 



Fig 77 — Saccharorruycea eUipaoidma II, 
(Hansen) — Film-forms at 28° to 3° 
(after Hansen) 


It was separated from beers which showed yeast-turbidity • 
w a species which causes yeast-turbidity, and is more dangerous 
than AaccA Paatonanus III If this species is cultivated m wort 
near the maximum temperature for growth, the vegetation consists 
of round and oval cells The temperature limits for buddmty 
m wort are 40° C and 0.6°- 0 Saccharose, dextrose, l^vulose, and 
maltose are fermented, but not lactose Assimilates glucose 
maltose and saccharose m yeast- water ^ 
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Asoospore-formation (Fig 68, 6) — 

At 35° 0 no ascospores are developed 

33-34 the first indications are seen after 31 hours 


33 

J5 

99 

27 „ 

31-5 

>J 

99 

23 „ 

29 


99 

22 ,. 

26 

9i 

99 

27 „ 

18 

)J 

93 

42 „ 

11 

9i 

99 

6^ days, 

8 

93 

93 

9 

4 

no ascospores are developed 



Size of spores 2 to 6 /x. 


Fdm-formation — 


At 


40° 0 

no film-formation occurs 


36-38 

feebly-developed film-specks 



are seen after 8-12 days 

33-34 

.) » 3- 4 

99 

26-28 

» » 4- 6 



20-22 

» » 4- 6 



13-16 

„ „ 8-10 

99 

- (Fig 77.) 

6- 7 

„ „ 1- 2 months 


3- 6 

„ „ 5- 6 

no film-formation occurs 



2- 3 



Microscopio appearance of the cells in the films • — 

At aU temperatures, the same forms as in the sediment , at 
and below 16° C , the cells are only shghtly more elongated (Fig, 
77). 

A particular species oausmg turbidity m beer and, when pure 
cultivated, a disagreeable pungent taste, was studied by Chnstoph, 
Its specific charactenstio is the copulation of two spores before 
germmation At 25° C its midtiplymg power is five tunes less 
than that of culture yeast Despite its inferior power of resistance 
it IS apt to produce turbidity m beer undergomg the secondary 
fermentation, and also to impede filtration It ferments maltose,, 
glucose, saccharose, and Itevulose 


Saccharomyces Willianus Saccardo 

IS a disease yeast described by Will as havmg eUiptical cells In 
the old films strongly branched buddmg-colonies occur consistmg 
of very long cells The maximum temperature for spore-formation 
IS 39° 0 , at the optimum temperature (34° C ) the first traces 
of spores occur m eleven hours The lowest limit for spore-for- 
mation IS 4° to 6° C The limit s for film-formation are 41° and 
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4° 0 The vegetative cells are killed when heated m sterilised 
wort for half-an-hoiir at 70° 0 It forms colonies in wort gelatine, 
which m the young state (both embedded and on the surface) 
form a network of wide mesh They afterwards become denser 
in the middle with irregularly fringed edges Sometimes, however, 
under the same conditions, compact colomes with regular outline 
are formed 

This species imparts a pecuhar sweet taste to beer, followed 
by a rough bitter after-taste, even m presence of very minute 
quantities (0 1 per cent ) in the pitching yeast The beer is often 
rendered turbid by this wild yeast after two months at 4° to 6® 0. 
This yeast has a strong fermentmg and propagatmg power, and is 
very dangerous for beer 

Saccharomyces Bayanus Saccardo 

was discovered by Will m turbid beer The cells are eUiptical 
In old films strongly branching buddmg-colomes occur The 
temperature limits for spore-formation are 32° and 0 5° C , the 
optimum IS 24° C The limit for existence of the vegetative cells 
in wort is 70° 0 

Besides causing yeast turbidity this species also imparts a 
sweetish, disagreeable, aromatic taste to beer, and an unusually 
bitter and astrmgent after-taste The odour is aromatic like 
that of rotten fruit With mixtures of about 29 per cent, 
of the wild yeast the flavour is very strongly pronounced, and 
may be recognised even in the presence of 6 per cent. The yeast 
causes a discoloration of beer. It turns paler, and assumes a foxy 
appearance 

Saccharomyces Logos Van Laer 

was derived from a yeast m Logos & Co ’s brewery m Rio de 
Janeiro, and is a bottom-fermentation yeast of a Paatorianus 
shape, which occurs in the fermentmg vessel as a loosely-lying 
sedimentary yeast of cheesy appearance , consequently the beer 
clarifies very rapidly The fermentation is carried out at high 
temperatures (22° to 30° 0 ), The yeast ferments very slowly, 
but gradually produces very high percentages of alcohol The 
flavour of the beer is entirely different from that of ordmary lager 
beer Accordmg to Rothenbach this species is able to ferment 
about half of a diastase-dextrm prepared according to Lmtner’s 
recipe, but is distmguished from Schizo-saccharomycea Pombe 
by fermentmg other kmds of dextrm Accordmg to Pnor and 
Weigmann, it ferments Achroodextrm III (Pnor) completely, 
whilst Achroodextrm II is only fermented to the extent of 75 per 
cent 

Meissner determined the action of different acids on the Logos 
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yeast (m comparison with Saaz and Frohberg) usmg a nutritive 
liquid consisting of 10 per cent cane-sugar solution with 10 per 
cent of yeast-water The fermentative activity of Logos yeast 
was reduced on the addition of 0*375 per cent of acetic acid (the 
other two yeasts with 0 25 per cent ) A smaller quantity of acetic 
acid (0*125 per cent ) caused the Logos yeeist to brmg about in- 
version and to begm fermentation more rapidly It can also 
withstand larger quantities of lactic acid than the other two species 
In the presence of lactic acid the formation of alcohol is reduced, 
but by the addition of 0*126 per cent the Logos yeast gives more 
acid than usual In general the production of acid is considerably 
greater in the presence of lactic than m the presence of acetic 
acid In the presence of both acetic and lactic acids the formation 
of volatile acids is considerably greater than that of non-volatile 
The fermentative energy (four days) is greater in presence of 
acetic acid than m the absence of acid, but the addition of lactic 
acid considerably restricts it 

According to KorfE, non-volatile acids are formed in larger 
quantities m aerated cultures , on the other hand, more volatile 
acids are formed when hydrogen is passed through the solution 

Accordmg to Bau, Logos yeast does not contam mehbiase, 
whereas Lindner arrived at the opposite result Further research 
has shown that both authors are right, for a similar subdivision 
of the race takes place as in the case of Toruld coll%culosct (see 
below) 

Saccharomyces thermantitonum Johnson 

is a yeast found on eucalyptus leaves, and was accidentally grown 
in a flask which had been infected at a temperature of 84 0 The 
cells had not, however, been killed at this high temperature. By 
subsequent repeated observations, it \ias found that this species 
reacts best at high temperatures Johnson used a temperature 
of 50° 0- as the pitching temperature for fermentations on the 
large scale The wort need not, therefore, be cooled so strongly 
as usual, and the yeast can be apphed m tropical coxmtnes where 
ice machines a^re not available Withm seventeen hours it is 
said to furnish a properly and completely fermented beer It 
does not grow at temperatures under 10° C , and its optimum 
temperature for propagation and fermentation hes between 40 
and 44° 0. The cells are small and oval They agglutinate and 
form clots, which sink rapidly and adhere closely to the bottom 
Consequently, the hquid clarifies very rapidly 

A culture which had been preserved for many yearn m the 
writer’s laboratory was exammed by Euler {Biochem, Ze%t8 97, 
1919), who made the mterestmg observation that the limits oi 
temperature charactensmg the ongmal culture of 1906 had 
gone considerable alteration , the yeast now grew most freely 
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from 35° to 40° C , and its fermentative power gradually deobned 
at 40° C This result may be accounted for by the assumption 
that the yeast has been successively adapted to lower tempera- 
tures 

Saccharomyces Ilicls Gronlund 

which was found on the fruit of Ilex Aqmfohum, is a bottom- 
fermentation yeast, consistmg mainly of spherical colls Tho 
temperature liTTuts of spore-formation are 38° and 8° C The 
spores have no vacuoles In the films shghtly-elongatod colls are 
found Streak cultures on gelatme have a floury, but othorwise 
variable, appearance This species, grown m wort, imparts a 
disagreeable, bitter taste According to Schjemmg, it contains 
mvertase, and mduces alcohohe fermentation in solutions of 
saccharose, dextrose, and maltose In ordinary beer-wort it can 
yield about 2 8 per cent of alcohol (by volume) 

Saccharomyces AquifoHi Gronlund 

was also found on the fruit of Ilex AqmfoUum It is a top -fer- 
mentation yeast, and consists of large round cells The temperature 
limits for spore-formation are 31° and 8° 0 , the spores contain 
vacuoles hi the fil ms , spherical and egg-shaped cells alone occur 
Streak cultures m gelatme vary m appearance, some being glossy 
and some floury This species imparts to wort a disagreeable, 
sweet taste, with a bitter after-taste It mverts saocharoso and 
induces alcohohe fermentation m solutions of saccharose, doxtroHO, 
and maltose. In ordmary beer-wort it can yield about 3 7 per cent, 
of alcohol (by volume) 

Saccharomyces pyrlformis Marshall Ward 

(see Ginger-beer Plant) • 

Saccharomyces Vordermanni Went and Prinsen-Geerligs 

was discovered m Java as an essential factor m the manufacture 
of arrack It is distinguished by its powerful action as an alcohohe 
ferment and yields a fine distillate, on account of which it is made 
use of, m pure culture, m the manufacture of arrack The cells 
are elhpsoidal, and form not more than four spores This species 
ferments dextrose, maltose, and saccharose, and contains mveriasc. 


Saccharomyces Sak6 Yabe. 

1 Kozai has published the foUowmg conclusions regardme 
tim yeast fungus He discovered it m Koji, and has utihsod it 
with success m a pm^e condition for the preparation of Sak6 The 
cehs are chiefly round, and form no large buddmg colomos. In 
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older cultures giant cells occur Indications of spores occur within 
36 hours at 40° to 41° C (maxnuum temperature), m 14 hours 
at 30° to 32° 0 (optimum temperature), and in 15 days at 3° to 
4° C (minimum temperature) The spores (usually from one 
to three m each cell) are strongly refractive It ferments with 
ease saccharose, maltose, ^i-mannose, d-fructose, glucose, and 
methyl-glucoside, and with greater difficulty trehalose and d-galac- 
tose, but not rhamnose nor lactose It sphts up mehtnose mto 
mehbiose and fructose, but it cannot hydrolyse mehbiose K 
Yabe’s investigations proved that nee straw is the .source of the 
yeast, a straw used for the preparation of mats which serve to 
cover up the Koji 

Saccharomyces Batatae Salto. 

K Saito has desenbed a Saccharomyces which is of importance 
in the preparation of a yam brandy, as it is prepared on one of 
the Japanese islands The species is found m fermentmg mash 
(moronu) prepared from Ko]i and steamed yams, and is the most 
active organism m promoting alcohohe fermentation The cells 
are oval and eUiptical, and PastoTianus forms often occm' m the 
film Indications of spores occur m twenty hours at 25° C The 
spores are round, strongly refractive, and usually occur to 
three m each cell In ordmary beer-wort 3 per cent by volume 
of alcohol was produced in ten days at 26° C 

Dextrose, laevulose, saccharose and maltose are easily fer- 
mented , galactose and raffinose with difficulty , mehbiose, lactose, 
inulin, and d-methylglucoside are not fermented 

Saccharomyces anamensis 

{Levure anamUe) 

from sugar-cane and mash (Cochmohina) was selected for use m 
the well-known Amylo-process on account of its high fermentation 
temperature, 36° to 38° 0 It was described by Heinnch and Will, 
It IS a top-fermentation yeast with oval and round cells, partially 
elongated m the film, developing round spores at 25° 0 m 20 hours, 
their optimum bemg 33° C (9 hours), maximum 35° 0 , Tnimmum 
12° 0 The upper limit of growth is between 39 5° and 43° 0 , 
according to the nature of the medium The cells are killed at 
54° to 66° C Smgle-ceU cultures m gelatme have a regular nucleus 
with buddmg agglomerations juttmg out from the edge It 
ferments and assimilates glucose, Isevulose, galactose, saccharose, 
raffinose and maltose , lactose is assimilated, but weakly fer- 
mented In maize-mash it produces a particularly active fer- 
mentation In mmeral media (0 025 per cent MgSO^ -1-0*6 per 
cent KH2PO4 -1- 0*6 per cent asparagme in tap- water) the sugars 
most readily assimilated are raffinose and maltose 


22 
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Saccharofflyces cartilaginosus Lindner 

was discovered by Matthes in Kepto The cells are J 
elongated with, curious granular protoplasm A true hlm-tor- 
mation does not tahe place On the other hand at the completion 
of the fermentation, clearly isolated islands of somewhat dense 
and almost cartilagmous consistency appear on the surface ot tlie 
wort It ferments saccharose and maltose, but not lactose 


Saccharomyces multisporus n.sp. 

is an elliptical wild yeast which was found in a few oases in English 
top-fermentation yeasts by J C Holm Many very laxgo round 
cells (giant cells) are found amongst the eUiptical, within wJuch 
none to eleven spores may form, whilst the elhptical oelln occur 
with two to four spores The spores are round and strongly re- 
fractive At 25° 0 npe spores are formed m forty hours, at 15 
C. in seventy-two hours The yeast is a bottom-fermentation 
species, and adheres so closely to the flasks that it can hardly 
be loosened by abH.kiTig It forms as a thm film, which covers the 
sides of the flask. In ordinary wort it yields about 4 per cent 
by Jveight of alcohol The taste is strongly bitter It ferments 
dextrose, maltose, and saccharose By preservation both in 
saccharose and m wort, the giant cells lose them power to produce 
such an exceptionally large number of spores , m gypsum-cultures 
most of these cells did not develop spores, but many vacuoles 


Saccharomyces mall Risler Kayser 

is found in cider. The cells are round, and it does not form a film. 
At 16“ 0. spores appear m 96 hours It is a bottom yeast, which 
ferments saccharose, dextrose, and maltose The sedunontary 
yeast adheres closely to the flask 

Rose isolated from an oak mucilage a bottom-fermentation 
yeast, which is of pecuhar mterest on account of the facility with 
which it forms spores In hangmg drops of wort almost aU cells, 
after the growth has ceased, form spores m a very short time, 
generally four m each cell It ferments saccharose, maltose, 
glucose, and fructose 

Saccharomyces mandshuricus 

was found by Saito as the predommatmg fungus m the so-callod 
Chiidzu (Chinese yeast), which is added to a mash of steamed 
sorghum, that is distdled off after fermentation (Manohunaii 
spirits). Chudzu is made from barley and green Adzuki beans, 
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which are crushed and mixed with water to form a compact dough, 
which IS moulded to tile-shaped cakes , these are placed in moist 
rooms and develop luxuriant growths on their surface and m their 
mtenor. After being ground, they are added to the mash. The 
species has spherical and oval cells 6 to 8 /i large , the spores are 
globular and generally four to a cell , they develop at 26° to 27° 
0 m 19 to 21 hours Slow film-formation on wort Optimum for 
growth and fermentation 30° to 35° C Temperature limits for 
budding 39 •5° to 40-6° 0 and 0-5° to 6° C It ferments glucose, 
Iffivulose, mamiose, galactose, maltose, saccharose, and rafBnose. 
An asporogenous variety occurs m giant-colomes at low tempera- 
ture, which, unhke the spore-formmg, hquefies gelatme 

Saccharomyces Tokyo and Yeddo 

were found by Nakazawa m Japan Sak6 They are pecuhar in 
thoir maimer of formmg films on unhopped wort + 3 per cent 
glucose, which are hnuted to dry islets, the central pomt of which, 
in S Tokyo, is in lugh-relief, but deeply depressed m S Yeddo 
'^ITio islets scarcely merge mto each other , in S Yeddo, however, 
after a long time, a contmuous slimy film is formed m which the 
islets romam fairly distmct These species are killed at about 
00° (J They ferment saccharose, maltose, glucose, and galactose 


Saccharomyces Marxianus Hansen. 

'Plus spocios, which was discovered by Marx on grapes, and 
dosonbod by Hanson, develops m beer-wort in the form of small 
oval cells, similar to those of Sacch emguus and dlvpaotdeus 
Hllongatod, sausage-shaped cells, often m colomes, soon appear, 
however, and if the culture is allowed to stand for some time, 
Hiuall mould-liko particles are formed , some of these swim m the 
liquid, others settle to the bottom These particles consist of 
mycohal colonies of practically the same character as the film- 
formations of Hanson’s six species , they are also built up of cells, 
winch are readily soporatod at the pomt of union When S 
Marx%anus is cultivated in wort near the maximum temperature 
for growth, the vegetation consists of round and oval cells The 
asoospores are ludney-shaped, spherical, or oval After cifiti- 
vatiou tor two to three months m wort contamed m two-necked 
fiasks, there were only traces of film-formation with few sausage- 

shaped and oval cells , , , , i 

This yeast is one of those species which develop a myoehum 
under certain conditions of culture on a yeast-water gelatme 

In boer-wort it yields only 1 to 1-3 per cent by volume of 
aloohol, even after long standmg. It does not ferment maltose , 
it inverts saccharoso , and in nutritive splutions of the latter, 
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and of dextrose, it yields considerable quantities of alcoliol. It 
assimilates glucose, maltose, and saccharose in solution of asparagine 
with nutntive salts, and in peptone-salt solutions; also lactose 
(Klocker). 

The temperature limits for budding m woit are 46'* to 47° 0, 
smd 0 5° G The maximum temperature for sporo-formatioii 
lies between 32° and 34° C , the mmiTnum between 4° and 8° 0., 
the optimum between 22° and 26° 0. The growth yields qmoker 
and more abundant spore-formation if cultivated in yeast-water, 
or wort with 10 per cent dextrose 

In agreement with hia theory that maltose is split up by a 
particular enzyme differmg from mvertase, and only subsequently 
fermented, Emil Eisoher found that an aqueous extract of the 
pulverised growth of this yeast decomposed saccharose, but not 
maltose 

Saccharofflyces Coreanus 

was isolated by Saato from a Corean sample of “ Olunoso yeast ” 
It has sphmieal, oval, and elongated cells, which form sphoncal 
spores at optimum 33° to 34° 0 Ferments sacoharose, glucose, 
fraotose, galactose, melibioae, and raffinose From a solution of 
glucose m yeast-water 6*2 per cent of alcohol was produced Tbero 
occurred a variety with considerably larger cells and spores 


Saccharomyces exiguus (Reess) Hansen 

develops a growth m wort, the ceU-forms of which most closely 
correspond to the species described by Reess under the above' 
name. 

This species only gives scanty spore-formation and weali film- 
for^tion, but it yields a well-developed yeast rmg The colls 
of the film Tremble those of the sedimentary yeast, but short 
saiisage-saaped and small cells are more frequent 

H^sen found this species in pressed yeast It develops a 
^at ferm^tative activity m solutions of saccharose and dexteose 
n wort only small quantities of alcohol are formed It does not 
ferment maltose solutions It inverts saccharose 

f-hflf Hansen in practice, have shown 

^ l^eer, oven when 

present m conaderable quantities either at the heginran^^ or end 

of ^ pnmajy famMtot.on, or when ,t added after storage 

^ ^ interest, as S'acch, exigiiva was formerly re- 

garded as a disease-pioducmg species 


Saccharomyces Undneri 
molated by Guilhermond from an alcoholic 
Afnoa,), has elhpsoidal cells, m old cultures 


ginger drink (West 
irregular forms and 
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giant cells Limits of bnddmg 6° and 41° C Forms a yeast ri 
but no filin The spores are round and often show oopulatic 
Sets up fermentation in wort, but ferments only saccharoE 
Isevulose, d-mannose, and (feebly) glucose 


Saccharomyces Chevallerl 

isolated by GuiUiermond from wme from West Africa, h 
round, oval, and elongated cells Limits for buddmg 6° and 40° 
41° C Spores round, formed at 26° to 30° C m 12 hours Gennin 
tion as m Johannisberg 11 , but often without copulation Is 
top-yeast, producing fermentation m wort Ferments saccharo,. 
glucose, Isevulose, and d-mannose 

Saccharomyces Mangini 

isolated by GuiUiermond from a vinous drink from the tubers 
Osbeclaa Elhpsoidal cells formmg yeast ring, but no film Spor 
develop as m the precedmg species Ferments saccharose, glucof 
laivulose, and d-mannose , further, lactose, galactose, and dextr 
(Gudhermond, The Yeasts, 1920) 

Saccharomyces Jorgensenli Lasch6. 

The growth consists of small round and oval cells The optimu 
temperature for spore-formation is 25° C , the temperature hmi 
bemg 8° and 30° 0, At temperatures above 30° 0 the grow 
dies rapidly A true film-formation has not been observed , 
old cultures only a very feeble yeast rmg forms, consisting 
round and oval cells In gelatine it yields colomes which reseml 
those of low-fermentation brewery yeast Wort-gelatme is slow 
liquefied The streak-culture is of a dirty grey colour, and h 
smooth edges. This species ferments saccharose and dextrose, b 
not maltose Consequently it is suppressed when mixed wii 
cultivated yeasts and grown m malt-wort In wort it yields on 
0 89 per cent by weight of alcohol In “ temperance beer 
according to Lasch6's statement, it produced a strong turbidity 

Saccharomyces lactis y 

isolated by Dombrowski from a dry culture of lactic bacbena, h 
round and oval cells, with large vacuoles and noh m fat Spor 
formed on gypsum blocks at 26° C in 76 to 96 hours contam an o 
drop It IS characteristic of this species that the cells m spor 
culture put forth beak-shaped protuberances Produces a we. 
top-fermentation and ferments saccharose, glucose, and galactoe 
but not lactose nor maltose. 
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Saccharomyces Zopfil Artarl 

was discovered by Zopf in the syrup of <i sugai* Faoliory. 'riio 
cells are small, spberical, or elliptical. '^I’he t('nipc‘raturt' 
for budding m wort is 33® to 34° 0 , the o|)timuin 2S" to 
The temperature maximum for Hporo-foruuition is 32" (! , oplinium 
26° to 29° C The spores (usually two iii oach cell) arc round. 
They are easily produced both lu liquid and on solid Hiihslridu, 
hut especially well m tai’taric acid solution coutaimng potassium 
nitrate The fungus can supply its di'iuand for c!M.rl)on from 
saccharose, glucose, and inamiito, but not from maltose, laclosc, 
galactose and muhn Jt is capable of fi'rmeutmg a saetdiarosi' 
solution contaming 50 to 60 per cent of sugar During h'rimmtal ion 
an acid is produced which at a later stage is used up. 

According to Ai’tari, its nitrogen requu’enients can be .salislied 
by ammomum sulphate When tlio spc'cii's is cultivated in a. 
dextrose solution containmg from 5 to H per cent, of ammonium 
sulphate, transverse walls make their apjiearanei' lietwisui llie 
mother and daughter colls, as in the case of A' hudvHijh, In 
such a solution only spherical cells occur Tlu' addition of fiolas 
Slum mtrate brmgs about an alteration to pear-sliaped cells. 

This species is endowed with an exceedingly high power of 
resistance to high temperatures. In the dry it was found i».v 
Artari to stand five minutes warmiiig u]) to 130" (1. It i.M 
dangerous m sugar manufacture, because it will witliHiuiul a 
moist heat of 67° C Aocordmg to recent roHC'arcJies by Owen, 
it occurs commonly m North Amoi'ican sugar-housc' mobisses, 
and^its thermal dead-pomt in that product lies between 1)0" ami 
100 C Heating to 78° 0 in the cans of syrup proved insullieient 
to prevent the yeast-cells from induoing fermentation in th(‘ cuuis ; 
accurate experiments showed that a pure growth Jioateil to 1)0" (!, 
for ten mmutes was still capable of setting up fermentai-ion in 
ooncentiated syrup (60 to 60 per cent ) 


Saccharomyces Bailii Lindner 

was isolated from Jopen beer-wort which bad a primary eon- 
centration of 63° to 64° Balhng The colls are largo, tlnclc-walled, 
and elongated, and assume irregulai- sliapos m old cultuirH (liki^ 
Amoeba) The spores are strongly refractive 'I’heiv is no film* 
torination It ferments dextrose and saecliarose, Iml. not 
rf-galactose and d-mannose It gives a feeble f<>rmental.ion in 
wo , and m old cultures the wort lias a slightly porfuiued odour. 
It forms the mam constituent of yeast iii Jopon beer samph's. 

beOT ^ preparation of Dniwig .fojieii 
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Saccharomyces Rouxl Boutroux 

was isolated from fermenting fruit jmces, and appears to have 
been found by Roux m dextrose It has a remarkable action 
on the sugars It ferments dextrose and maltose, but does 
not ferment saccharose and lactose The cells are small, round, 
or oval, and linked together in ohams One, two, and three spores 
occur m the cells, and are also found m the film cells The 
film does not cover the whole surface of the hqmd, but forms 
islands of yeast dotted over the surface 

Saccharomyces Soya Salto 

found m Japanese Soja (Shoju), which contains 16 to 17 per cent, 
of sodium chloride Saito found two different SaccJiaromyceteSy 
which, he affirms, have an aromatic effect on the So]a fermentation. 
S. Soya occurs m larger quantities than the second species The 
colls are round or oval The spores are formed m the yeast rmg, 
and preferably in abnormally constructed cells Saito did not 
succeed, however, m obtaining spores on gypsum blocks after 
tho yeast had been cultivated in wort or m dextrose yeast-water. 

it ferments glucose, maltose, Ifevulose, d-galactose, and d- 
mannose, but not saccharose, lactose, mehbiose, raffinose, muhn, 
or a-mothylglucoside According to Saito, it contains mvertase 
m tho form of an endoenzyme 

Associated with this species a yeast was found forming spores 
in the film The cells are round or oval, and occasionally mycehal 
forms are noted It forms a white floury film on koji decoction. 
Abundant quantities of carbon dioxide collect under the film, 
and the latter soon assumes a yeUowish-brown colour, and displays 
grooved wrinkles In beer-wort it gives a top-fermentation, but 
no film- formation The spores are round 

It ferments glucose, maltose, and Isevulose, but not lactose, 
galactose, saccharose, mehbiose, rafanose, mulm, or a-methyl- 
glucosido 


Saccharomyces mail Duclaux Kayser 

•was discovered in cider, to whicli it imparts a good bouquet and 
body ■ The cells are oval, and fflm-formation takes place At 
16° 0 spores are formed in 84 hours It is a top-fermentation 
yeast, and ferments dextrose, but not saccharose, maltose, and 
lactose The sedimentary yeast hes very loosely m the nask 


Saccharomyces unlsportis n.8p. 

was discovered by J 0 Holm m Dutch whey As reg^ds its 
behaviour to the sugars, it is most nearly aUied to 8 mah Duclava;, 
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for it ferments dextrose, but not saccharose, maltose, and lactose 
The cells are small and oval Fastaimnns forms are also found 
in old cultures The spores are round and refractive. Only one 
fairly large spore is found in each cell At 26° 0 a few colls are 
found with npe spores m 40 hours, and at 15° 0. m 72 hours No 
true film -formation occurs, but, on the other hand, a yeast ring 
IS formed m old cultures 

Sacchafomyces flava lactis Kmeger. 

A yeast cultivated from cheesy butter must bo alluded to, 
which imparts a cunous yellow colour, forms yellow colonies on 
gelatme, and a yeUow film on milk The cells are small, elliptical, 
and linked m chains It ferments dextrose with difficulty, and 
lactose not at aU. On shces of carrot it quickly forms spores. 
The most favourable temperature for its growth lies between 
18° and 20° C It grows better on shghtly aJkaUno or neutral 
substrata than on acid It quickly hquefies gelatine It only 
produces colourmg matter when it is m contact with air 


Levure de sel a 

was discovered by Kr Hoye m air analyses which were carried 
out along the coast of Norway (Bergen and Chnstiansund). Ho 
used wheat paste mixed with about 17 per cent of sodium chloride 
as the substratum The yeast is round, and forms only a single 
spore m each ceU It thrives best in a fish broth containing 10 per 
cent, of sodium chloride In a nutritive liquor which contains 
less than 3 per cent of salt the growth ceases The cells do not 
alter their round shape m nutritive hqmds with varying quantities 
of salt. It produces no fermentation m apple juice 

Saccharomyces Hansenii Zopf 

was discovered amongst the fungi of cotton-seed meal It forms 
spherical spores of very minute diameter, which are developed 
singly or never with more than two m a mother cell In fermentable 
saccharme solutions it produces no aJeohohe fermentation, but 
crystals of calcium oxalate are observed m the sediment. Zopf 
found a similar formation m nutritive solutions containing galac- 
tose, grape-sugar, saccharose, lactose, maltose, dulcite, glvcerine 
and mamute. ’ 


Saccharomyces minor Engel. 

The vegetative celk are completely spherical, measunng about 
6 ^ m ^ameter, and are linked m chains or specks containing 
SIX to nme cells The spore-forming cells measure 7 to 8 w, and 
contam from two to four spores of 3 /x diameter 
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Engel believes this oiganism to be the most SiCtive ferment 
in the fermentation of bread The author has frequently found 
this mmute spore-formmg yeast m the sour dough of the Copen- 
hagen bakeries 


Saccharomyces hyalosporus Lindner 

forms a thin film on wort, and produces no fermentation m the 
different kinds of sugar The spores are round, and lesemble 
glass beads carrying a lustrous granule m the centre It forms 
spores in the film The cells are oval, and sometimes rather 
elongated They are often linked together m chams 

It was disoovored by Lindner in a sample of beer from a pro- 
pagating apparatus 

Plchia membransefaciens or Saccharomyces membranse- 
faciens Hansen. 

This peculiar species, which occupies a special place amongst 
the Saccharomycetcs, yields a strongly-developed hght grey 
wrinlded film wlion grown m wort, which rapidly covers the whole 
sui’faoe of the liquid, and consists mainly of sausage-shaped and 
elongated oval colls , these have strongly-developed vacuoles, 
and a more or less empty appearance Separatmg the colomes 
is an abundant admixture of air 

The limits of temperature for budding on wort are 36° to 36° 
O , and 0-6° 0 When this species is cultivated near the hmiting 
temperature, it occurs entirely as sedimentary yeast 

According to Seifert, it grows even m presence of 12*2 per 
cent by volume of alcohol 

The spores are very abundantly developed, not only under 
the ordinary conditions of cultivation, but also m films. They 
are irregular in form, and at the ordmary room-temperature, 
gcrmhiato m a Ttanvier chamber m ten to mneteen hours 

On wort-gelatme, the colls form dull grey specks, often with 
a faint, rodchsh tinge, which are rounded, fiat, wide-spread, and 
wrinkled The colonies embedded m the gelatme present, however, 
a very different appearance The gelatme is liquefied by this 
fungus 

i’hiH species IS -inoapable of fermentmg either saccharose, 
dextrose, maltose, or lactose , neither does it mvert saccharose 
Accorclmg to more recent researches by Klocker, however, 
it forms minute quantities of alcohol m glucose and Isevulose 
solutions The alcohol formed is quickly converted mto acetic 
acul, and finally into carbon dioxide and water 

It was found in the slimy secretion on the roots of the ehn, 
and shows eonsulorablo resemblance to the species Mycodenm 
and Mycodenmt vint 
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The maximuni tcnipci’titiirc' f()i‘ MpoiH'-fDrtiiiitiitn is fn 
C , the miiumutn teinporatiire 3" to 6" (*.. llio optiiuiitii l\ iui', 
near 30° C (17 to 18 hoiirH) 

It IS imposaiblo to pn']>ai‘o au aHjJorof'cnoiis vai‘i<'l,\ ot S. nuni 
brancBfactens by cultivation at any t('n)iH‘fa.tiii'«' Ivuiy. 
the maximum for spore-fonuatiou and tin' inn\innun for Initidnit' 

Koehler found tins HpooioH ni hif'lily polintc'd wtdl w.ilor. 

In the wntcr’s laboratory tlu' spooioN vviih dclfctcd hi Inn'lil 
wines 

Related to tins Hfiocies is Pk/iiti Muiidfthiu tra, dctoffi'd In 
Saito in “ Chiiioso yeast,” used in niHUinp; Mniudiuriiin spirils In 
giant colonies on wort-agar it devi'lops dark ri'ddisb and ,ie>llo\vi.h 
sectors, the former containing spore* forming, iln* latter ti'poio 
genous cells Dextrose is h'ebly ferim'iiti'd. 

Piohi has described two species, one* of wliieli, I’iflihi uinii 
brancefacteiis /I , or/b' mmi-lmuni'/driciiN //., is found on the leau*-. 
of Evenymus mropa’UH ; the other, Pir/iut mcmhritiiafttri ha lit . 
or 8 meml)rancpjaci6im 11! , was jire'pared in a pure .ilnie Ifom 
a wme (Vm des Ootos) Seifert, again, has deseribisl lliree specie. . 
P%chia cah/ormca ov 8. mmnhrautvjaricm, \ar. ('tiUJ'nnnrm, from a 
Cahforman red wino , PicMa UtuHctt or 8, iiirmfiiviufj'tifiui^. 
var tauncm, from Crimean wino; and Pirliia 'I'aiiitn i mini inn 
01 8 mernbrancejaemts, var TmiHtnutlomm, which was ol»M‘r\id 
on tamarind pulp, and thenoe found its way into the \ itioti 
dnnk prepared from it 

Klooker dosenbos foiu* uow forms : P. Hmi'i'oh'iifi, with spherieal 
or shghtly flattened spores ; forinc'iits saccharose and glucose, 
and gives a smell of fnut-etlior P. alcoliolo’/iliild, witli MjiJu’rieul 
or hemispherical spores ; fomients dextrose*, I*. imli/iHur/ilitt, 
with spherical spores and very variable cell forms; ferment h 
saccharose, glucose, and small quantities of maltose. P. rtilli 
phorce, with round, angular, or semi-globular spores ; rermi*nts 
dextrose The first three species wore found in soil, (he fourth 
m a fly 

Pichia fannosa or 8 fannonun was discov(*r('d bv Ijiiidner 
m Danzig Jopen beor (6.3° to 54° Balling), and b.s K. Haito in 
boja sauce The cells aro shm, the older ones oft(*n angular. In 
the film abundant sporo-formatiou takes place, 'riii* ma.\imuni 
t^perature for the formation of the film is appro.v.ima.li'lv' 37 t' 
This species hquefies wort-golatme when allowed to stand for 
some tune It feebly ferments dextrose and hevulo,sc. but not 
o-mannose 


Ptchia B^aun or 8 Eadaim is described by Imlz. and js 
ouM in Tibi” It IS an exeitei* of fcrimnitatiiin eontainetl in 
he fig ^ctus (Opunlta), which is used in Mexico in the pr<*iiiiralion 
of a feebly acid and alcoholic drink The eells are longisli oval 
tne spores round, and usually four in each e(*ll At. 23" to 3.*1 (' 
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spores form m twelve hours The maximum temperature for 
spore-formation Ues between 26° and 28° C , the optimum tem- 
perature for film-formation 23° C Development ceases at 37° 
to 38 0 Colomes on gelatme gradually acquire a red colour 

Guilliermond further isolated from Mexican Pulque an allied 
species, which shows a typical film-formation with round and oval 
cells, and an abundant formation of hemispherical spores (one to 
four in each cell) Optimum temperature of spore-formation 
29 to 32° C , maximum 38° to 39° C (G The Yeasts) It inverts 
saccharose, but mduces no fermentation (Guilhermond Levaduias 
del Pulgiie^ Bull delaD%7ect desEtud hidlog 2, Mexico, 1917). 

Wlllia atiomala or Saccharomyces anomalus Hansen 

(Figs 57 and 78) 

This very curious species was found by Hansen in an impure 
brewery yeast from Havana It gives a rapid and vigorous fer- 
mentation m wort, and even at the beginning of the fermentation 
develops a dull grey film Durmg fermentation the hqmd acquires 
an otlioroal, fruity odour (according to Seifert, ethyl acetate) 



KifX 78 — Spores, of SatcluDomijcea anomalua (after Hansen) — Some spores 
tivo free, oilioift inclosed m the mothei>celh On the right-hand side 
thioe spoicR are suiioiinded by the burst wall of the mother-cell 

It brings about the decomposition of alcohol to form water 
and carbon dioxide, and finally decomposes the acetic ether 
According to Nielsen, it only produces 0 9 per cent by volume 
of alcohol m wort It ferments dextrose, but neither m^tose nor 
lactoRO, and secretes scarcely any mvertase Other observers have, 
however', found a distinct formation of mvertase 

The cells grown m wort are small, oval, or sometimes sausage- 
shaped, and m their microscopic appearance they resemble species 
of Torula When the development has gone on for some tune 
many ooUs, both m the sediment and m the film, are found to 
coutam spores 

An asporogenous variety could not be developed by Hansen 
by cultivation at a temperature lying between the maximum for 
sporo-Lormation and the maximum for buddmg When 8 aTiomaluB 
IK cultivated near the hmitmg temperature for budding, it grows 
only fiH sedimentary yeast The temperature limits for budding 
ill wort are 37° to 38° 0 and 1° to 0 5° 0 

According to Will, the walls of the young cells are coloured 
black with 1 per cent of osmic acid This, however, does not 
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occul if the cells have previously been treated with alcohol. Many 
of the ceUs enclose large oil drops, which especially occur m cells 
derived from gypsum blocks that do not yield spores 

Spores are developed on various substrata, both liquid and 
sohd, even when abundant nutriment is present 

Tbe form of the spore is highly characteristic (big. 78) ; Vu 
resembles a hemisphere with a projecting nm round the base. 
On germmation the spores swell and develop buds (see Jfig 57) ^ 

The temperature for sporo-formation is 32-5 to 

34° 0 , the Tnimmum temperature 3° to 6° 0 , the optimum is 
30° 0 (17 to 19 hours) 

After Hansen had drawn attention to this cunous bacoharoniyoos 
species, this or similar species were observed by many workers 
Thus, for instance, Meissner undertook a very comprohonsivo 
morphological and physiological investigation of throe dillcrcnt 
species from Johannisberg must, from beer, and from samplos 
of New Zealand soil He described the form of the colls (in two 
cases round and m the third very elongated), the appearance 
of the films, the fermented hquors, and the giant colonies. The 
pale yellow must passes gradually mto a dark brown, and the liquid 
gives an alkahne reaction Both formation and decompORition 
of acid take place Reference may be made to M6lRsno^^s work 
on species of My code? ma vim earned out at the same time 

Steuber described four different kmds of 8 anomalus, three of 
which produce acetic ether, whilst he states that one produces 
both acetic ester and acetic acid Lindner gave a dosenption 
of a species found m Belgian beer, 8 anomalies, var Selgicua or 
WiUia bdgica This ferments none of the known sugars, and 
produces no esters Lindner also discovered a species m Maziiu 
Saito and Kozai discovered 8 anomalua m Sak:6 Inui discovered 
it in Awamori, and beheves that it imparts to this drink its peculiar 
aroma Barker found 8 anomalua by mtroducing gmger root 
into sugar solution Harrison has often found it m milk , and 
Holm found a 8 anomalua species m distillery mash, East Indian 
cane-sugar molasses, and m margarme 

In English high-fermentation beers which were fretty,^’ 
the author observed a species belonging to this group, which 
was multiplying so freely that all other yeast-colls had been 
suppressed It appears distmctly as a disease-yeast causing 
turbidity m beer 

W javamca was isolated by Groenewege from the flora of micro- 
organisms coating plantation rubber It has round and lengtheiKid 
cells, and on glucose yeast-water quickly forms a dull, grey, deeply 
convoluted film Each cell contains two to four hemiN])hcrical 
spores. It ferments saccharose, laevulose, mannose, and rafiinoso, 
and is also endowed with the distinctive power of docompoHmg 
amygdalm into glucose, benzaldehyde, and prussic acid The 
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action of the emulsin is greatly enhanced by arresting the action 
of the hving plasma. An emulsion preparation made m this manner 
proved superior to all other preparations. Among the carbonaceous 
and mtrogenous compounds assimilated cellibiose and mtrates 
may be mentioned 

Zihes, m soil from the neighbourhood of Vienna, found a species, 
W {Gmtr. f Baht 2 abt. 16, 1906), particularly dis- 

tinguished by forming thick sbmy ooatmgs on solid media, such as 
wort gelatme The oeE forms are veiy variable, sometimes 
lengthened Temperature hmits 5® and 32° 0. Spore-formation 
optimum 21° 0. The shnuness of the cultures seems due to an 
excessive swelling of the cell-membrane The species assimilates 
glucose and fructose, and forms acetic ether 

As previously mentioned, the spores of this fungus resemble 
those of Endomyces decipiens, and a relationship possibly exists 
between the two 

Willia Saturnus or Saccharomyces Satutnus Klocker 

IS a species discovered m a sample of soil from the Himalayas, 
It forms a white film on hquids The cells are chiefly oval or 
round The temperature limits for buddmg m wort are 36° to 
37° 0, and 2° to 4°. The spores are lemon-shaped, with a vem 
running down the middle from end to end, and with a refractive 
granule m the centre It ferments dextrose, Isevidose, raJBnose, 
and saccharose, but neither maltose nor lactose It produces 
an ester durmg fermentation Similar species were subsequently 
found in samples of sod. from Italy and Denmark Holm has 
detected it m a sample of sod from Japan 


Saccharomyces acldi lactlci Grotenfelt. 

Qrotenfelt has described under this name a species of Saccharo- 
myces which, when added to sterdised milk, produces a pronounced 
curdhng with formation of acid On gelatine and agar-agar it 
forms white porcelam-hke colonies, and on potatoes it yields 
broad, moist patches of whitish-grey colour, soon turning brown. 
In stab-cultures m gelatme, short bottle-shaped growths develop 
from the hne of inoculation mwards The cells are eUiptioal, 
2-0 to 4*35 /i m length, and 1*6 to 2*9 m breadth 

When a solution of milk-sugar is mooulated m the presence 
of calcium carbonate, and the product distdled, alcohol can be 
detected In a neutral 3 per cent solution of milk-sugar, 
Saccharomyces lacUc% yielded 0-108 per cent, of acid in eight 
days 
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Saccharomyces fragilis Jorgensen. 

Wlule the buddmg and laotose-fermentmg fnngi ^ 

keniur and desmbed by others, do not form spores, a gonuino 
Sacckatomyces has been found m the author’s 
has been caJled Sacoharomyces fragiliH, on account of tho ItobU 

».aB, oval, and loag.Hl. oolla, 

With characteristic and feeble refraction At room 
this species behaves as a low-fermentation yeast 
on gypsum blocks distmct spore-foimation begma in 20 houis 
at 25" C , and m 40 hours (jmte a number of froo spores may bo 
observed, at 15° C the spore-formation takes place in about 
40 hours The bean or kidney shape of the spores is characteristic. 
Spores are also formed m growths m fermenting hqmds and on 
gelatmes, and m every case are soon sot free After long standing, 
the growth forms a thin film, the cell-forms of which iloviato 
comparatively httle from those of the sedimentary yeast In 



Fig. 79 — S<iceharomyces fragilis —Yaxmg growth in Fig S^-^-SacchaumyccB fmgi Its, 
lactose veaet-water (drawn bv Holm from nature) — Spore-lormation (drawn 

by Holm from iiaturc). 

plate-cultures the surface colonies formed in the course of two 
or three days at room-temperature are film-hke, and liquefy, 
^hile the embedded colonies exhibit thickly-haired mycelial 
borders 

In lactose yeast water (10 per cent,), at room temperature, 
this species yielded about 1 per cent by weight of alcohol in tho 
coui’se of eight days In two months as much as 4 per cent by 
weight of alcohol was produced At the same time the formation 
of acid began. In hopped wort (about 11 per cent Ball ) it yioJdod 
at the room temperature about 1 per cent by weight of alcohol 
in ten days. 

The optimum temperature for development hes at about 30° 0. 

Accordmg to Bau, this species ferments milk-sugar comjJotoJy, 
but not mehbiose Glucose is also fermented 

In yeast-water glucose, lactose, and saccharose are assimilated, 
but not in solutions of asparagine and nutnent salts. 
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In Sauer ” (sour whey, used for the preparation of rennet 
in the manufacture of Emmenthaler cheese) Preudenreich and 
Orla Jensen found a Saccharomyces which produced a pleasant 
alcoholic odour m cream and formed spores m 23 hours at 26° C 
Orla Jensen isolated two species of Sacchmomyces from Swiss 
butter They ferment maltose and lactose One forms spores 
in 24 hours at 25° C , and m three days at 30° C , the other only 
forms spores m six days at 30° In both cases the spore-formation 
IS a scanty one P Maz6 isolated a species directly fermentmg 
lactose from cheese (Port du Saint), which forms spores m 24 
hours at 26° C 

Kuntze, in his researches on fermented milk, found a yeast 
111 Yoghurt which plays a prominent part m the formation of 
aroma, producmg an ester-hke odour It ferments milk with 
formation of gas, preferably at 30° to 37° C In wort it scarcely 
sets up a fermentation A g 3 rpsum block culture from this medium 
boars some resemblance to S capaularis, but a detailed description 
has not been given 

Dombrowski described two species belonging to this group 

lacks «, isolated from Yoghurt, with elhpsoidal and lengthened 
colls and spherical spores, formed after 24 hours at 26° C It is 
a bottoin-ferraentation yeast, producmg m milk 4*5 g of alcohol 
m 100 c.o In milk it sets up an active fermentation at 23° to 26° 
0 It ferments lactose, saccharose, and glucose, not maltose 
/S. lacks (3 from a sample of fermentmg milk, shows the same ceU- 
forras as the former At 25° 0 , in 20 to 24 hours, it forms one to 
eight spores m each cell, differing m shape elliptical, kidney- 
sliapod, and sometimes flattened on one side Colomes on gelatme 
show mycolium-like off-shoots Sets up low fermentation Per- 
monts lactose, saccharose, galactose, and glucose, not maltose 
It IS nearly related to S fragihs (Comp, Zygosacch lacks a) 
Kumys-yeast (Rubmsky) has oval and elongated cells, and sets up 
bottom fermentation Neither film- nor spore-formation has been 
seen with certamty The fermented milk acquires a sourish 
aromatic smell and sourish bitter taste Ferments lactose, glucose, 
and saccharose In tmlk it forms about 0 4 per cent of lactic 
iicid, and causes coagulation Casern and albumen are degraded 
to albumoses and peptones Forms ester-hke bodies A some- 
what similar species was formerly desonbed by Schipm (see Kumys) 


Zygosaccharomyces Barker! Saccardo et Sydow 

IS a yeast species isolated by Barker from ginger It can be recog- 
nised by the fusion of two cells preceding spore-formation The 
development can be observed under the microscope m hangmg 
drops of sterile water. Many of the cells will be found to produce 
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beak-like protuberances in twelve hours at 26® 0 The pro- 
longations of two neighbouring cells grow towards each other 
until they come m contact At the point of contact tlio pro- 
jections fuse together, and the protoplasm of the two cells Hows 
together At a later stage the protoplasm separates m’ each coll, 
and two roimded corpuscles appear which become spoi’os Accord ing 
to Barker, staining shows that this process is acooinpaniod by a 
fusion of the cell nuclei, and Barker, therefore, pronounced it a 
sexual process According to Guilbermond, the conjugation of the 
ZygosaccJiaromycetes is exactly identical with that of Scfmomcch. 
Pombe and Schizosacch mellacei The nuclei of the two colls fuse 
together always m one of the cells, and never in the conjugating 
passage* It may be assumed that in the formation of asci in oon- 
fomnty with the Ascomycetes an isogamous conjunction takers 
place 

The spores swell up, and cause the walls of tlio niothci’-coll 
to burst, and then the spores develop m the usual way by nic^aim 
of budding On gypsum blocks and on gelatnie tlio dovolojinK^nt 
proceeds m a similar way to that already desenbed, spores 
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are chiefly round, seldom oval, and lather strongly refractive. 
They form readily and rapidly at 25° to 30° C. Tho maxim uiu 
temperature appears to be 37° to 38° C , and the muumum 13° U. 
Spore-formation may take place -without fusion of tho colls, as 
sometimes occurs m the case of Sch^zosaccharomyceles Tho colls 
are oval , no film is formed hut a yeast rmg develops m ten to 
fourt^n days at 25° C The cells m the latter are oval and 
occasionally elongated Spore-formmg cells also occur in tho’ rmg. 
Colomes formed on the surface of gelatme have a smooth edge* 
•whitet the colomes immersed in the gelatme have a fringed edge ' 

Glucose, Isevulose, and saccharose are fermented, but iioitlior 
maltose, lactose, nor dextrm 


Aniong the numerous species belongmg to this gonus, which 
seems to be very widely distnbuted, may be mentioned 

„ Peai-se aoid Barker in 

cidei P has oval cells The maximum temperature of budding 
lies between 30° and 32.5° C The spores are sphoncal, grouped 
pairs in the copulated cells When germmating, the spore 
swells, and the wall of the mother-cell bursts. Jt ferments 
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sacohaiosG, IsBTulose. and glucose “ G » likewise has oval cells , 
maximum temperature of budding 32-6° C It develops readily 
m wort and sugar solutions The copulating ceUs are of irregular 
shape the sphencal spores are generaUy formed m one of the 
copulatmg cells, one or two m number It does not produce fer- 
mentation ^ 


Zygosacch lactis a, was isolated from butter by Dombrowski 
Its spherical ceUs show numerous fusions ; from one to four 
sphencal spores are formed m both, or only one, of the ceUs fused 
together , they are soon set free It is a low-fermentation yeast : 
In 6J months 4-6 g. alcohol per 100 c c of must was produced. 
It lennents laotos©, saccharose, dextrose, and galactose, but not 
maltose. 


Zygosacch Pnmmnus {Lafai^s Handbuch IV) was found by 
Klocker m honey-bees The ceUs differ m shape , they are in- 
timately connected, and form a rather compact growth on the 
bottom of the flasks They attam their largest size at 13° to 
16° C Temperature limits for the growth in wort 3° to 8° and 
36 to 38 C The colomes are smooth at high temperatures, 
otherwise wrinkled or folded Spores round or oval , free formation 
on wort-gelatme and shces of carrot It ferments glucose and 
maltose, not saccharose and lactose. 


Z J avaviicvs was found m J ava by Kryff It is a low-fer- 
mentation yeast, and ferments saccharose, glucose, Isevulose, and 
galactose The elhpsoidal cells have their optimum for buddmg 
at 34° to 36° C m wort Abundant sporulation on agar 

Debaromyces globosua was found by Klocker on soil from the 
island of St Thomas. The cells m wort are sphencal The spores 
(usually one in each cell) are uniform , their surface is covered 
by very small excrescences , they develop freely on gypsum 
blocks, the temperature limits bemg 14° and 34° to 36° C According 
to Guilliermond spore-formation is sometimes preceded by copula- 
tion between two equal cells or between a full grown cell and a 
disengaged bud The nuclei of the two cells may fuse together 
in the connecting channel and then divide, each nucleus passmg 
into its own cell and forming a spore, or else after fusion the nucleus 
may enter one of the ceUs and form a spore This species develops 
rather qmckly m wort at 26° C It ferments dextrose, mverts 
saccharose and ferments mvert-sugar, but does not ferment 
maltose 


D tyrocola^ found by Konokotma m cheese, shows a copulation 
process similar to that of the preceding species It mverts 
saccharose, but does not produce fermentation 

Schwanniomyces occidentahs, hkewise found by Klocker m 
soU from St. Thomas, is aUied to the same group. The ceUs are 
eUiptical at or about 8° 0 , and spherical about 36° 0 GuiUiermond 
observed cells with beak-shaped prolongations and also oases 
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where two prolongations met without a distinct copulation takiag 
place. The spores (mostly one to a cell) take the form of a flattened 
sphere, surrounded by a band, the surface being covered by small 
excrescences They develop readily on gypsum blocks at 28® to 32® 
0. The species grows slowly m wort Ferments dextrose, but not 
maltose nor lactose An aqueous solution of saccharose is slowly 
mverted and weakly fermented , but rf yeast-water is added to 
the solution mversion takes place quickly. 

OuiUiermondm {Nadsoma), fulvescensy detected by Nadson and 
Konokotma in oak mucilage, has oval, elliptical and lemon-shaped 
cells On meat-pepton-gelatme with J per cent, glucose tbo 
foUowmg development wiU take place most readily — full grown 
cell puts forth from its narrow extremity from one to four small 
buds , these drop off, except one which amalgamates with the mother- 
cell through a connectmg channel From the opposite oxtromity 
of the original mother-cell, a bud is susequently formed, in which 
appears a spherical spore, the plasma of the two copulating colls 
passing into the spore-cell. The spore has a thick brownish-yellow 
membrane, dotted with small excrescences. Upon gelatine tho 
spore cultures are, therefore, yellowish or reddish-brown, whoroas 
the vegetative cultures are white Asporogonous growths some- 
times occur The spore cultures liquefy gelatme. The species 
ferments glucose, fructose, galactose, saccharose, and maltose 

G, elongata, found by Konokotma m a gummy exudation on 
huch trees, is distinguished from the previous species by the fact 
that it ferments glucose and Isevulose, but not saccharose, maltose, 
lactose, nor galactose 

A similar copulation between a full grown cell and a bud 
( Heterogami ) was observed by Cesare and Quilliermond in a 
number of for^ found as white spots on sausages, corned meat, 
and like The development of the spores (coated with a rough 
membrane) was observed on shces of potato and carrot, and ou 
Goro^owas platme (water 100, gelatme 1, meat juice 1, sodium 
cMonde 0-5. glucose 0-25). but not in gypsum cultures. Conjugating 
c^s were often fomd m the same colony, originating from one 

Souths T ^ ^ Optimum 

^ ® ^ ^ m developed as sedimentary 

2a W ^ ^ growths on gelatme and potatoew 

S^:d:ceSe:?irn saccharose, ^ut do 

^gosc^h (^vakm was isolated from wine by Guilliermond 
m romd, oval or lengthened cells form a slimy film and aSdS 
deposit m saccharme hquids Spores are formed S,thm thJfiL 
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through the medium of a canal with a full grown cell , the two 
nuclei meet in the canal, merge into each other, and migrate mto 
the big cell, where one to four spores are formed The germmatmg 
spores can also copulate , a new spore may be formed m the 
mtenor of another. This species does not produce fermentation 
in wort or saccharose, nor m any other of the common sugars , 
but it mverts saccharose 

Z. Nadsonii was found by Guilliermond m orange syrup. It 
qmokly forms a deposit and a film at 25° to 30° 0 The cells are 
round and oval, torula-hke, and afterwards become lengthened, 
particularly at the limit of temperature 41° to 42° C. Conjugation 
takes place between a mother-ceU and an unnpe bud, which send 
forth prolongations towards each other The optimum for spore- 
formation lies between 23° and 30° 0 The spores are of irregular 
shape, one side flat, the other tapermg This species mVerts 
saccharose, and ferments mvert sugar, also glucose and Issvulose 

Z Mandshincus was found by Saato m the so-called duidzu or 
Ohmese yeast It is related to Z Barkeri in its development 
In the cells are formed from one to four hyalme sphencal spores, 
which also occur m sedimentary yeast m wort. On gelatine there 
appears an asporogenous variety the gelatme is not hquefied. 
It ferments dextrose, lasvulose, mannose, saccharose, and rafSnose, 


but not maltose and lactose 

Z. meteor, isolated by Takahashi, appears to be active m soy 
fermentation It has sphencal cells (3 to 7 n), which in the yeast 
rmg are very lengthened It is a low-fermentation yeast Very 
resistant to common salt . will grow m koji extract with 20 per 
cent salt Ferments saccharose, maltose, glucose, Isevulose, and 
mannose Spores readily developed m yeast rmg on very dilute 

soy, but not on gypsum blocks to 

Z Sqja IS stated by Takahashi to resemble Saito s Sacch. bqja, 
which IS probably a Zygosaocharomyces It does not ferment 
galactose, but maltose, dextrose, laevulose, and mannose I^e 
the preoedmg species, it forms plentiful spores under similar 

conditions. , , 

On the same material Saito observed a film-formmg species, 
Z Jammims, with round cells m a young state and round and oval 
spores. It ferments maltose, glucose, and Isevulose Spores were 
developed by growmg the cells m dilute soy, whence 
transferred, from the yeast ring, to sterilised water m a Bottoher.s 
chamber They were also developed on gypsum blocks with 0-5 
W cent of dextrose and 4 to 10 per cent common salt 
^ A species, Z acUrns, described by Takahashi, forms a 

thick corrugated film on soy and koji extract containmg a quantity 

aci^ was found by Eichter in comb honey It 
ferments the honey (about 80 per cent sugar), and has very 
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P.ma1l (3 to 4 ju) sphenoal or slightly ellipsoidal colls, copulating 
and forming globular spores in both cells. It ferments gluoow', 
fructose, and saccharose, also galactose, but weakly, and forms acids. 

On cankerous spots of Opwni%a ficus Indica, Ciffcrri dotoctoil 
a zygosaccharomycete producing very weak fermentation in un- 
fermented wme The cells form chains consisting of three to five 
cells By copulation this species forms asci containing two to four 
oval or round spores with a thin membrane On gelatine white*, 
later yeUowish-white, colomes are formed with ourvod sorrate'd 
edges ; radial and concentric hues 


Saccharomycodes Ludwigil or Saccharotnyces Ludwigil 
Hansen. (Mgs 66, 66, and 82.) 

This remarkable species, which was discovered by Ludwig In 
the viscous secretion of the hving oak, is the only one of the known 
Saccahromycetes which can be recognised solely by means of a 
microscopic exammation The foUowing description is taken 
from Haimen’s mvestigations The cells are very vai'iablc In 
size, eUiptical, bottle-shaped, sausage- or frequently loinon-shajiod. 
Partition walls may occur m all the complex cell-combinationH. 
The vegetative growths m wort-gelatme are round like thosci 
of the majority of the ScuxJutiomycetes, and are either pale grey, 
or famtly yellow In wort, it yields only 1-2 per cent, by voluino 
of alcohol, even after a long-contmued fermentation; and this 
accords with the fact that maltose is not fermented by this spoci(‘H 
M derfrose solutions, on the other hand, it yields up to 1 0 per cont.' 
by -TOlume of alcohol. It mverts saccharose, but does not ferment 
solutions of Iwtose nor dextrm, neither does it sacohanfy stare, li 
paste it assumlates glucose and saccharose in yeast-wa'tor, also 
m asparagme and peptone solutions with nutrient salts It readily 
develops spores m aqueous solutions of saccharose, in wort-gelatine 

“ ** 

B IS oharattomtio rf tta spsoies tlmt « Wn 

oftett ooouis. espeomlly m the <»«, o( yoeue sLios M I 

om which new yeast cells are gradually marked oH bv shtirn 
faan^erse septa (Mgs 66, 66). At the ends of these ool^ b iS 

marked off by transverse septa. ’ 
ordi^ to H^en, a stable asporogenous varietv cannrd 

w hSeTr 

Hr. “P°^®'i.^ation and the maximum for buddino- 

Ott onf and aie aSSt™ i? ‘’"’0 

*.,.ahed. and the tei^^do SZIS 
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3y cultivation m favourable liquids the first set of cells again 
yield spores Beijennck found that the colonies formed from 
asporogenous cells do nob hquefy gelatme, which is contrary to 
the custom of sporogenous colomes. 

Guilhermondj who also examined the germination of spores, 
records amongst other facts that spores which are not derived 
from the same ascus may fuse together, and further that the 
spores which grow together by fusion may then develop to asci 
with spores, without previously formmg new cells He finally 
showed that by the fusion and germination of spores a combma- 
■bion of their cell nuclei and a subsequent division take place 
as soon as the promycehum has reached a certam size Gufiher- 
mond described this process as conjunction with isogamy 

Whilst the case of ScMzosaccharomycetes and Zygosacchmo- 
mycetea a conjunction takes place between the vegetative yeasts, 
converting these mto an ascus, m this case conjunction takes 
place between the spores and even before they germinate. 

Will discovered that the spores may sometimes be more or 
less distmctly stamed to a bluish-green with lodme m potassium 
iodide (a similar colour to that given by Boot Pasteur. Hausen). 

In old cultures (Fig 82) there is a strong tendency to form 
mycelia, but it is only exceptionally that portions are found where 
the hnto are closely bound together and only display shght con- 
tractions. Such portions are provided with distinct and straight 
septa. Every cell of such a colony can form spores as weU as 
buds Amongst them odd shapes and very large, strongly branched 
cells are found It is characteristic of this species that the cells 
die off withm two years in aqueous sugar solutions, whereas they 
can keep ahve for many years m beer-wort The temperature 
limit s for budding m wort are 37° to 38° 0 and 3° to 1° 0 The 
maximum temperature for spore-formation is 32° to 32 *6° C , 
the mimtnum 3° to 6° C , the optimum 30° to 31° C. (18 to 20 hours). 

A variety of 8 Ludw%g%% was detected m oversulphured wme- 
musts by Klroemer and Heinrich, who found it to be characterised 
by the presence of big granules m the cells It forms plenty of 
subsphenoal and polyhedral spores. Ferments glucose, fructose, 
galactose, mamiose, saccharose, and rajBfinose In must the fer- 
mentation IS sluggish A content of 470 g. SO 2 per htre of must 
is unable to check the growth The upper limit of growth is at 
37° 0 , the upper temperature limit 64° 0 

From Mexican Pulque GuiUiermond (The Yeasts 1920) isolated 
a closely alhed species, which inverts and ferments saccharose. 
It develops a vigorous, typical mycehum, budding like momUa, 
and forms plenty of spores m the mycehum and yeast cells on 
sohd media The spores durmg germmation behave like those 
of 8 Lvdw'i'g'^'^ l immediately after fusion new spores fairly frequently 
form mside those already present. 
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Ad allied species, Sacch. paradoxa, f m,' 

m L *X'^^^tra°™"-pr!SX£ 

SiSi.t'^-MMOiatibm may SS’ Ww “ ’’Slo 

t”rSnrir?oS!:jCSSears,«. caua. 



Gig 82 — Saccharomyees Ludwigii — Old film and mycelium (after llauHon). 


even in the copulating spores Resting cells may occur in the 
different generations. It ferments glucose, leevulose, saccharose, 
and galactose 

A senes of recently discovered species closely allied to S. 
Ludvngh — ^the Sc%izo8(icclia'i omyces — are distmguished by the total 
disappearance of buddmg, and the fact that the propagation of 
the cells takes place by division. 
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Schizosaccharotnyces or Saccharomyces comesii Cavara 

was described in 1893 It lives as a parasite or saprophyte on 
the sheaths or pedicles of millet, and, according to Cavara, forms 
a mycelium consisting of cylmdnoal hyphse with partition walls ; 
this mycelium produces cylindrical or longish eUipsoidal conidia, 
*7 to 8 yu. long and 2 to 3 broad, isolated or linked together In 
sugar solutions it produces a growth of yeast, and when the nutritive 
solution is exhausted, spores appear withm the cells These spores 
are globular, two to four m each cell Two or more fuse together 
in the mother-cell, through the membrane of which the genmnal 
threads appear 

Schizosaccharotnyces (Sacch.) octosporus 

was discovered by Beijermck on dried currants, and has been 
more recently examined in the author’s laboratory by Sohionnmg 
in growths on raisms The propagation takes place m the foUowmg 
maimer (Fig. 83) About the middle of the cell a partition-wall 



Fig» 83 — Hchccfmomycea octosporus — ^Young growth after cultivation for twenty- 
four hours m beer- wort at 26° C (after Sohionnmg) 

appears , after this has spht up, the two new cells assume a round 
shape, and revolve round a pomt of the septum, where connection 
is still maintamed, so that at last they lie ahnost parallel Finally, 
they separate entirely from each other, having taken an elhpsoidal 
or oval shape , they then extend m length, and the division begins 
afresh. But it may also occur that two cells, still connected 
throughout the full extent of the partition-wall, morease m length 
and form fresh septa, so that the origmal mother-ceU appears 
divided mto four or more cells The cells are 4*6 to 6 /x broad 
and 7 to 13 ju long Even at the beginning of the fermentation 
m wort at 26° 0 the cells form endospores ; but the spore-forma- 
tion is very feeble both under ordinary fermentative conditions 
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in wort and also dnimg cultivation on moist gypsum blocks. 
Seiter found tbat the spores are formed on gypsum blocks in 
SIX to seven hours at 25° C This development is much more 
vigorous on the surface of nutrient gelatmes, such as woi*t-go]atiuo 
(Fig. 86), where it forms round, waxy, and raised colomos with a 
depression m the centre The cells grow shorter and more rounded 
after developing for some days at the temperature of tlio room, 
and the ascus-formation, according to Sohionmng’s observations in 
the Carlsberg laboratory, now takes place as follows (Fig. 84) : — 
The rounded cell lengthens , a partition-wall appears, which 
sphts off, after which the two new cells merely touch or connect 
at one point. They then, agam, coalesce, and at last form a 


o'e'S'O 



Fig Si —^accharomijces octospoiua —Development of the aeous (after Sohioniimg), 



len^hened, eUipsoidal, hour-glass shaped or irregular coll wbidi 

(frequently 14 to 20 /u^ng) Li iheso 

MIX'S!” 

wMch® i^Stirdi^PP^s."^The spOTJ^^a^^ofte m slime! 
according to Lmdner fliA-lnp often oval, and, 
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lines may sometimes be observed, which form the limit between 
the older, thicker parts of the cell-wall and the newly-formed, 
thinner parts The latter appear after the partition-walls, which 
now form the terminal walls of the new cells, have divided, or 
after fusion, through the ensuing growth of the ascus. 

On wort no film has been observed , only a slender yeast-rmg. 
Wort-gelatme is rapidly hquefied by S octosporiis Beijermck 
found that in the case of the asporogenoiis cells the formation 
of trypsm is considerably reduced, while the formation of acid is 
greater than in the sporogenous cells 

This species ferments maltose, Isevulose, and glucose, but 
it does not mvert saccharose Accordmg to Fischer, an aqueous 
extract of the dried pulverised growth decomposes maltose, but 
does not exert any influence upon saccharose He states that it 
contains rafiinase, and is, therefore, capable of fermenting raffinose. 

It assimilates glucose and maltose m yeast-water and m solu- 
tions of asparagine and nutnent salts (Klocker) 


Schlzosaccharomyces (Sacch.) Pombe 


was discovered by Saare and Zeidler m millet beer from Africa, 
and more exactly described by Lmdner It is closely alhed to the 
previous species , its propagation also takes place by formation 
of partition-walls and by fission , frequently the two new cells 
remain connected for some time at a single pomt, upon which 
they rotate until, they form an acute angle to each other The 
colls resemble the oomdia of O'bdwm , but the shape of many 
of them IS suggestive of the manner m which they were derived, 
one end bomg rounded, whilst the other is surrounded by a well- 
defined rmg-wall, enolosmg the newly-formed piece of globular 
membrane. In the cells one to four spores may occur, which grow 
m the same way as those of S Ludvng%i — ^viz , by the formation 
of a germmative thread , no fusion of the promyoehum of the 
spores has been observed 

Quilhermond has closely exammed the course of spore-for- 
mation, and finds that the ascus-formation often follows a fusion 
of two cells which may be sister cells In this way the dumb-bell 
shaped colls often met with m spore-cultures are formed. He 
also observed a fusion of three oeUs Spores also form m the 
sedimentary yeast By germmation they swell up and form a 
germinal tube, which afterwards divides mto two cells by means 


of a septum _ , ^ ^ 

The growth forms no film on wort On wort-gelatme it forms 

a compact finely-furrowed growth 

At its optimum temperature, 30° to 36° 0 , this species shows 
Ingh-fermentation phenomena It is distinguished by the con- 
siderable amount of acid formed during the fermentation, and 
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possesses a certain power of resistance in competition with bacteria. 
In beer-wort it gives a rather vigorous fermentation ; it also 
produces fermentation m dextrose, maltose, and cane-sugar 
solutions It does not ferment rf-mannose, but does ferment 
dextrm 

According to Rothenbach’s experiments, it ferments about 
half the total amount of diastase-dextnn prepared according 
to Lintner’s directions, leaving achroo-dextnn, which, on addition 
of alcohol, slowly separates out m sphsero-crystals 

As this species is capable of formmg very considerable amounts 
of alcohol, it might be supposed to be of mdustnal value Ex- 
periments made m this direction, however, have hitherto proved 
unsuccessful. 

Lepeschkm often found mycelial formations m young cultures 
of 8 Pcmibe, This formation remamed through countless genera- 
tions He believes that the mycehum is not to be regarded as a 
normal form of development, but only occurs through the re- 
construction of cells The requisite conditions are unknown. 

Nakazawa (Ueber Garungsorganismen von Formosa, Ber, d, 
Inst far JSxper. Forsch., 1914:), m sugar products from Formosa, 
met with some similar species, 8 Formoen^s^ 8 Sautavensis, and 
8 noJckoensiSy the last bemg distmguished by the fact that the 
spore-fonnation is not preceded by a copulation, and that the 
spores difiEer m shape . spherical, elhpsoidal, and hemispherical. 

In the rum-fermentation of molasses m the West Indian 
Islands, two difEerent yeast types occur In a few districts the 
common ellipsoidal form predominates , m other districts a 
mould-like 8accharoinyce8 In arrack-fermentation of molasses 
in Java, Vordermann and Bykmann constantly found a fungus 
which separates new cells through formation of partition-walls ; 
no spore-formation was observed, and, accordmg to Eykmami, 
the fungus recalls HypJiomycetes in its growth forms A Sac- 
charomyces of simil ar appearance was discovered by P Greg while 
working m the writer’s laboratory, m cane-sugar molasses as used 
in rum-fermentation in Jamaica This is designated — 

Schizosaccharomyces or Saccharomyces mellacei 
Jorgensen. (Figs 86 and 87.) 

In cyhndrical vessels at 26° 0 this species ferments beer- 
wort with top-fermentation phenomena, forming a caseous, loose 
deposit During fermentation it develops a pleasant aroma. In 
wort of 10 5 per cent Ball, it produces about 2^ per cent, by weight 
of alcohol 

The different forms assumed by the species, recall Saccho/to^ 
iuyc6S octospoTus^ ScLCch Po7}fib&^ etc In old cultures very cunoua 
cell-forms (Figs. 86, 87) occur, which also develop during fer- 
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nientatioii. In wort-cultures five months old no filTn had developed ; 
only a yeast rmg was observed The liquor is not decolourised 
by old cultures 



IHg 80 . — Saccharomycea meUacei — ^YouBg culture m beer-wort , a, cells after 
eight days' cultivation (diawn by Holm from natuie) 


Pig 87 — flaccharomycaa mdlacei — Growth from the yeast rmg m beer-wort (drawn 
by Holm from natuie) 



The spores (Eig 87) are oval They occur m all cell-forms, 
generally four to the cell , they refract hght strongly, and, according 
to Holm, they are coloured blue by iodine 

Guilhermond found that an ascus is produced with this species 
by tho fusion of two oeUs which are often sister cells, but ascus- 
formation may tate place without previous fusion 

In plate and streak-cultures the growths, both on and below 
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the surface, have a sharp-cut edge, the cell-forms are similar 
to those in liquids , cells shaped like the comdia of 0%d%um laclis 
frequently occur 

It ferments dextrose, maltose, and saccharose, WoJJ as 
i-mannose and dextnn According to Lepcschkin, S melUtvct 


may form a mycehum. .1 ^ 

According to mvestigations made by P Greg in the author s 
laboratory, divergencies of a marked and permanent charaetjM* 
distinguished the species belonging to this type Thus some yioUl 
malodorous products m the fermenting liquor, some very 
products, whilst others differ greatly in the length of tiino I’oquircd 
to complete the fermentation in one and the same storiliHod mohiHSi^H 
and dunder under identical conditions. The amount of alooliol 
produced by these types varied from 6 6 to 7 6 per cent, by voliinu'. 
The rate of multiplying also differed widely in these races If urtheu' 
details relating to comparative results m practice are given lu 
papers by Greg as well as by Hart, who has carried out min-for- 
mentation with elhpsoidal species (Botanical Department, 
Trimdad). 

Thorough researches on rum -fermentation in Jamaica were 
earned out more recently by Allan and Ashby, who dosoribceJ 
the various active organisms There is a well marked dilToronco 
between clean rum and flavoured rum In the manufaetui'O 
of the former, with comparatively low acidity, there occun* 
both elhpsoidal or oval and fission yeasts, the elhpsoidal foi’iUH 
sometimes predominating In flavoured rum, where the acidity 
is very high, the budding species are repressed or entirely 
suppressed by the fission-yeasts, which alone are able to supj)ort 
such high acidities The latter are produced in a poo u liar 
fermentation, where a mixture of dunder (the residue of cliM- 
tillation), containing a large quantity of dead yeast, wash and miiHli 
(the crushed sugar-cane after extraction of the juice), enters into 
baotenal fermentation, gradually resultmg m an abundant tor- 
mB,iiQn of acetic, lactic, and butyric acids, brought about by many 
different species of bacteria The “ flavour thus produced is 
added to the wash in the large vessels after fermentation lias 
begun The alcohol formed by the fermentation combines with tJu^ 
various acids to form compound ethers, which impart a special 
character to the flavoured ram Among the different varictiOH of 
S 9nellacB2> the slow working top yeasts are to be prcfori^od bocauh(\ 
during the slower fermentation, there is more time to comi)loto 
the chemical reactions , the bottom-yeast varieties examined would 
bung fermentation too rapidly to a close Both types produce very 
l^ge amounts of alcohol Various torula and anomalus formn make 
their appearance during these fermentations 

More recent mvestigations by Kayser, who used the dilToront 
species isolated from spontaneous fermentation, m parallel for- 
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mentations m stenlised molasses, confirmed the results obtained 
in the first experiments made m the author’s laboratory, and 
proved once more that the yeasts concerned are directly responsible 
for the formation of ethereal bodies m the fimshed product, 
and that among these buddmg fungi, schizomycetes and film- 
forming species, there exist a number of races producing varying 
amounts of alcohol, volatile and non-volatile acids By adoptmg 
the most smtable race, the fermentation may be shortened 
considerably, and a uniform product ob tamed Moreover, the 
amount of volatile and non- volatile acids is dependent on the 
conditions under which the micro-organisms develop — supply 
of air, temperature, and composition of the medium A more 
copious supply of air wdl effect a change m the relative proportion 
of fixed and volatile acids where certam races are concerned, 
but not m the case of others Some races, m the course 
of fermentation, form more butyric acid at 26° 0 than at 36° C , 
on addition of ammomum sulphate (8*6 pro mille) to the molasses , 
a budding species gave a very considerable mcrease of volatile 
oils, but a schizosaccharomyces, a decrease On addition of dunder 
to the molasses, the amount of volatile acids was considerably 
iiioroasod, as proved also by Allan’s and Ashby’s researches The 
same result was obtamed by lettmg one of the bacteria isolated 
co-operate with the yeast Thus, all the mvestigations go to prove 
that it IS the right selection of the active micro-organisms that 
decides the quality of the product 


Sacchafomycopsis guttulatus or Saccharomyces guttulatus 
(Robin) Wilhelmi 

was found by Remaok m 1846 m the contents of the stomach 
and intestines of a rabbit, and subsequently described by Robin 
under the name Gry^lococcus guttulatus Both 
classified it amongst the yeast fungi In 1896 
Buscalioni gave a comprehensive morphological 
descnption of the orgamsm, which he named 
guttulatus We are indebted to Wilhelmi for 
the following descnption (Scbionmng has asso- 
ciated this form with one described by him 
as Saoc%aromycop8%8 capsulans) The cells are 
olbptical and longish-oval with blunt ends, 

The length vanes from 6 to 16 /x, width 2 j»jg gg — satxharomycopaiff 
4 jiA They contam abundant quantities of giimiatua 
filvooeen With poor nourishment, from two , . 

to four large and strongly-refracted vacuoles are obse^ed Bud- 
dmg is Imear or spiral. Under favourable conations of nutriment 
Sw buds are det^bed at an early stage of development, if the 
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conditions are unfavourable, bushy colonies are formed In tlio 
mother-cell from two to four elongated oval spores aro formed, 
provided with two membranes (exosponum and ondosporium) 
(Fig 88) 

On germmating, the exosponum bursts near one of the xioloH, 
or at the side, always with an irregular edge, and crumples uj) 
to form a small mdistmct residue, which usually clings to one end 
of the endosponum Germination and growth of the spoi'cs talco 
place m presence of from 1*25 to 6 per cent of hydrochloric acid 
and 10 per cent, of sugar, at a temperature of 37° 0., whilst spores 
are formed at a temperature of 14° 0. 


Saccharofflycopsis capsularis Schioflolng 

was discovered m an analysis of soil. The sample was takon from 
the neighbourhood of the St Gotthard Pass Tho youngest sedi- 
mentary growths m beer-wort consist of variously shaped colls, 
especially Pastonanus forms, often having pomted ends Within 
two days small islands of a film appear on the surface of the liquid, 
consisting of typical-branohed mycehum with septa, ])artly 
breaking mto bud and partly separatmg into round or Oidmil- 
hke hnks At a later stage a few mycelial forms are found in tho 
sedimentary yeast The covering becomes thick and unoviui 
with a dry, white, and shghtly tufted appearance In those surfaco 
cultures a few spores occur later, especially m tho round colls or 
Otdtum-hk& cells formed at the end of the threads, but oooasionally 
in the mycelial threads themselves These spore-forming ooIJh 
contam a specially bright refractive protoplasm ; fom.' spores 
almost alwa^ form m each ascus They are oojom'od bright 
rosy-red with concentrated sulphuric acid The spores have a 
^ttened sphen^l shape surrounded by a fine transverse lino. 
Dun^ germination it can be seen that the spores aro pro- 
vided with a double wall (exosporium and endosporium). Tho 

imequal valves and divides along tho 
valves are fastened together at oiio 
point, and he like a pair of mussel shells round the swollen colls 
w^ch soon begm to bud It is the exosponum tlat Xs a red 

is not » abnndant « on solid yoantSToSS. 

not <i-galaoto80. bnt 

is also not mve^d Tn ’ sa.ooharose saocharoHO 
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Optimum temperature for vegetative growth 26° to 28° 0 , 
maximum temperature 38-5° 0 , Tninimum under 0 5° 0 
Optimum temperature for spore-formatiou 25° to 28° 0 , maxi- 
mum 34 6° to 35° 0 , mimmum between 5° and 8° 0 * 

II BuDDINGt rUNGI WITHOUT SpOUB-EOEMATIOH. 

Torula. 

Those yeast-like forms were first characterised by Hansen. 
They are widely distributed, and, therefore, not infrequently 
occur m physiological analyses connected with fermentation 
They occur m both spherical and more or less elongated forms, 
and are distinguished from the genus Saccharomyces, as first pointed 
out by Hansen, by their inabfiity to form endogenous spores 
In most cases they multiply only by budding, m some few oases 
also by the formation of myoehum. 

According to the author’s researches, certam Torula species 
may act as disease-yeast, for they multiply freely and give rise 
to a kmd of turbi^ty m weakly fermented, high-fermentation 
boors, when these are bottled , the character of this turbidity, 
however, is somewhat different from that caused m low-fermenta- 
tion beer by the wild SaccJiaromycetes 

In sugar-works, the writer finds Torula species occumng ex- 
tensively, frequently m large quantities, even m the finished 
product Among the species exammed many possess an mverting 
enzyme It is not improbable that these growths assist m the 
progressive formation of invert-sugar which frequently taies 
place durmg the storage of cane-sugar 

Hanson has observed many different species, and has described 
the foUowmg in detail — 

The J%rat occurs m wort, the cells bemg either single or m small 
clusters. Some cells have a large vacuole in the middle, and this 
sometimes contains a small strongly-refractive particle The 
size of the cells varies considerably (1*6 to 4*6 y). This species 
does not soorete mvertase, and causes a scarcely perceptible 
alcohohc fermentation m beer-wort. 

Under the same conditions the second 8pec^es possesses larger 
cells than the first (3 to 8 /a) ; they resemble the foregomg, except 
that the contents of the cells grown m wort are often very granular 

The third species which, microscopically, resembles the last, 
produces under the same conditions as much as 0*88 per cent 

• Certain dubious species ol Saooharomyoetos must be mentioned, one lodated by 
MoteohnikoIC, Monoapora cuapidata, ocouiimg as a parasite m Daphraa, -whioh bas long 
cells and oontams one needle-sbaped spore, and another, Nemafoapora Oorylt, isolated 
by Pe^on from hazel nuts, oontaining eight spores to a cell, m two bundles, each of 
lour spores. The spores carry a long flagellum at one end, which disappears before the 
germination of the spore takes place. 
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by volume of alcohol , it gives a distinct head with evolution of 
carbon dioxide, but it cannot invert cane-sugar 

The fouith species (2 to 6 /x) mverts cane-sugar and produces 
slightly more than 1 per cent by volume of alcohol in wort with 
considerable frothmg , it does not, however, ferment maltose 

The fifth species, which in the form and size ot its colls re- 
sembles the first, develops a uniform, duU grey film on wort and 
yeast-water at the ordinary room temperature, likewise on lager 
beer, and even on hquids containing as much as 10 per cent, of 
alcohol. It mverts cane-sugar, and forms a ahght Mm on the 
solution It does not, however, excite any appreciable alcoholic 
fermentation 


A sixth species (Fig 89), which forms spherical and oval colls, 
gives a distmct fermentation m beer-wort, yielding as much as 

1-3 per cent by volume of alcohol. It 
Q ^ ^1068 not ferment maltose solutions. It 

mverts cane-sugar, and in 10 j)or cent, 
f-nd 16 per cent solutions of this sugar 
in yeast-water, it yields rospoctively 6*1 
and 6'2 per cent by volume of aJcoliol, 
Fig 89 —roraZo (after Hansen) after fourteen days at 26° (!. ; tlie lattlM* 

l>y voluino at 

wort at as’ c. alcohol m two months Dextrose solu- 

tions of the same coneonti'ation and 
under smular conditions gave 6-6 and 8-6 per cent, of alcohol hv 
volume ^ 


The seventh species (Figs 90 and 91) was found in tlic soil under 
vi^. The sedimentary cells are moat frequently oval and in 
part larger than those of the last species Corta'iii cells of tlio 

^ produces only J 

S uM+bp? of alcohol m wort, docs not ferment maltose, 

SLTnpfp cane-sugar [u 10 per cent. 

+ ®°^^*^ona of dextrose m yoast-wator it gave 4dl 

tr cent of 

^ere produced after long standmg Hanson 
JSe solution . talm pl?t 

on partionlarly 

industry, whore most of 

injnrioS mflnonooZVo *5S “y 

of n number of spomos, both ~rpholog.:,Sy*trptia^X^ 
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he divides this class of organisms mto two groups, compnsmg 
a number of growths or species, the distmctive characters of which 
are not, however, always well marked, even under identical external 
conditions Some difficulty may therefore be experienced in 
identifying any given species with one of those described The 
foUowmg IS, in its mam features, the chaiactensation given by Will 
of those two pnncipal groups and the forms belongmg to them — 
The f^rst gioup, including the two genera Eutorula and Torula, 
IS distmguished by the fact that under most conditions it appears 
as spherical or sometimes shghtly ellipsoidal cells of different 
sizes m the different varieties, but of fairly equaljsize withm each 
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Eig, 90 — Toiula (after Hansen) — Sednuentaay foims aftei one day’s growth 
in beer-woit at 26° 0 


Jjhg 91 



’Torula (after Hansen) — Same species as Eig 90 Film formation 
on a wort-oulture ten months old 


of th.eae In some vaxieties the cells aie as large as those of beer 
yeast, whilst m others they are so small as to approach the size 
of sphenoal bacteria , lengthened ceE-forms are very rare To 
this group belong the vanous Hansen species described above, 
and ^0 the following cultures described by Will, which are like- 
wise aerophilous organisms : — 

Eulorvia vulgans moludes widely distributed varieties of 
frequent occurrence The characteristics common to them are 
the general aspect of the cells, and, when propagated in large 
cultures, a formation of films and giant colonies , also their power 
of producing colouring matter The cells are spherical to slightly 

24 
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of vaxying size, with one or two Hmall oil-dropH in a. 
shghtly refraotive plasma Budding m unbranchod sorioH, or in 
the same succession as m saccharomycetes Velocity of iilui- 
formation varymg m different cultures , the JHlots as soon us 
formed merge mto a coherent film, which, unless it sinks to the 
bottom, grows mto a thm surface coating with mesontono croascs, 
sometimes oreepmg up the sides of tho glass The single cell 
colomes embedded m a sohd medium aro lenticular or spherical, 
while the superficial colonies are flat with a more or loss 
irregular growth The giant colonies on wort-golatino spreatl 
over the surface, fonmng radial creases or stripes, or building up 
“ ramparts ’’ ; the border zone is sometimes lobate with a wavy 
edge, and the gelatme is liquefied The variotios react differently 
on the sugars some of them ferment maltose and lactose, others 
do not, but all of them ferment dextrose, laivulose, galactose, 
and saccharose They assimilate citric, malic, succinic, auil lactic 
acids, also alcohol They all produce a cohuniig miUer imparting 
a more or less marked green or yellowish-green colour to tho liquid. 

The temperature hmits of growth vary m the different varieties ; 
for instance, in hopped wort, the upper limit iluotuatos betwcou 
30“ C for some varieties, and 38“ C for others. 


Sviorula mtpsoidea is identical m most roHjioets with tlu* 
preceding species, but is distmguished by tho more frotiucut 
occurrence of elhpsoidal and somewhat tapering colls, and at 
favourable temperatures buddmg associations arc for-med of 
elongated sausage-shaped cells further, the giant colonies exhibit 
grap^hke clusters on the under side, whereas tho jirocoding spook's 
give tight buncos On the surface of liquid media a thin film with a 
rather m^ked ring dowly develops The species is charactorisoil 
by a rel^atively high fermenting power, produemg well-marked 
fe^ntation phenomena, particularly in the case of sacoharoso ;• 
STteT’ maltose, and raffinoso aro also for- 


The following are cognate forms — 

oW niiD colouring matter (carotin) ■ 

sugars as the preceding species ^d^^e Asshnilatefl the samo 
mentative powCT. ^ speoies; and, hke it, is destitute of for- 

oolo^ b, ..d 
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gelatine under tte colonies It produces an agreeable odour 
of fruit ethers, hquefies gelatine, and ferments saccharose, dextrose, 
and laivulose 

The following two forms are distmgmshed from the precedmg 
ones by formmg jelly-hke colonies on gelatme, and also by the 
fact that the plasma of the young cells does not contam oily 
corpuscules, the cells thus aoqmrmg a different aspect, They 
form more acid, but less alcohol. Will retains for these two forms 
the name of Torula 

Torula gelcUtnosa has spherical, sometimes tapermg cells, 
under certam conditions much elongated. Membrane usually 
shmy The film is formed by fiooks of slime umting gradually. 
The deposit is slimy The nutrient hqmd becomes turbid Beer- 
wort IS coagulated and assumes the appearance of gelatme Giant 
colonics, brown, of a tough consistency Gelatme is hquefied, 
Ferments dextrose, lavulose, galactose, saccharose, maltose, 
lactose, rafSnosc, and arabinose Nutrient solutions are coloured 
yellow. 

Torvla cor%%color has spherical and elhpsoidal cells, m old cultures 
tapenng Membrane stratified , the outside layer is apt to detach 
itself. Film shmy with ring formation The liqmd remams clear 
Gelatme is liquefied. Giant colomes, dark brown, on wort-gelatme 
wax-hke. Ferments the same sugars as preceding species. Nutrient 
solutions are coloured brown , also the nngs, deposits and giant 
colomes In milk gives a cheesy smell 

Second gremp Mycotorula is morphologically characterised by 
the fact that a branched or unbranohed buddmg mycehum of 
elongated cells becomes more promment These cells, however, 
never form a real mycehum The budding mycehum generates 
spherical or elhpsoidal cell forms, hke oomdia, resembhng those 
•of the first group, which, with ceUs of the same form, multiply 
through numerous generations by buddmg m series or m the same 
way as the saccharomycetes They are all aerophilous, hquefy 
gelatme and possess a higher fermentative power than the species 
of the first group They ferment dextrose, Isevulose, galactose, 
saccharose, maltose, lactose, raffinose, and arabmose. Very m- 
considerablc, if any, formation of colouring matters. The upper 
limits of growth are at 36° and 40° 0 , respectively. 

Mycotorvla oraler%a, comprisiug several varieties, is characterised 
by the occurrence of apicidatw-hke ceUs and the formation of 
crystals in the vacuoles Smgle-ceU colonies on gelatme more or less 
sharply defined The name is derived from the peculiar structure 
of the giant colomes, old cultures on potato-water gelatme exhibitmg 
m the well-marked varieties crater-like excrescences, foUowed by 
crested undulations one or more mm, m height. 

Mycotorvla radtoplioata, likewise mcluding a number of varieties, 
is remarkable for the radial folds that appear on the surface of 
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the giant colonies Among the cell-forms some resemble jS'. 
apicidatua , cr 5 ’-staJs form m the vacuoles. 

Mycotonda tuibulans belongs to another morphological aencs. 
It occurs m young beer, where it causes turbidity, which, however, 
disappears m the npe beer It has elongated colls in budding 
associations, and short, rounded cells at the point of contact of 
two elongated ones It is more resistant to bcer-yeast than the 
other species, and it does not reqmre much air At tlio height of 
its development the cells clot together and then sink to the bottom. 
It does not ferment maltose , but it does ferment the other sugars 
named above 

Between these and Monitta, Geiger observed a number of 
transition-forms, linked m chains partly of short colls and partly 
of very elongated cella, the latter branchmg off into cells of the 
same shape Geiger termed them P8e%(domon'il%u and described 
several pecuhar forms. 

A species of Torula (Torula Novae Oarlsbergm), the cells of 
which exhibit very different forms, has been described by Grbu- 

hmd It imparts a disagreeable bitter 
taste to wort According to Hchjerniiig’s 
mvestigations it invoris cane-sugar, and 
mduces alcoliohc fermentation in solutions 
of cane-sugar, dextrose, and maltose. In 
ordinary brewery-wort it can produce 
about 4-7 per cent, by volume of alcohol. 

Another species, of special physiologi- 
cal mterest, is T, Wie8n&r% described by 
Zikes and isolated from laui'cl loaves. 

T It IS able freely to assimilate atmospheric 

^ solution 2-4 mg N wore combined for 

of glucose assimilated, the amount being stiU higher on 
the surface of glucose-agar; after absorption of Nfthe dry matter 
m this case contamed 3-1 per cent, of N (It may L noSl £ 
p^^ce^rf:^*' ^ normally nourished press-yeast contains about 4 

of Torula, together with the two roso- 

were m a pure state m the author’s laboratory 

^ T <lo8onption of these three species. 

"I*- y-.,g 

Steers?" r " rT" 

fermente the mverted suv^ raffinoso, and 


^ e® ^ g 8 
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Fig 92 — Torula a 
culture (Brask) 
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formation takes place in wort in three to five days at 25° C The 
■cells of the film are round and oval m wort, whereas in dextrose- 
yeast water they assume Pastmmnus or irregular forms The 
surface colomes on wort-gelatme (10 per cent ) are roimd, white, 
lustrous, and slightly raised The edge of the colomes is smooth 
Sohionmng submitted the Torula found by daussen m English 
beer to a close examination, durmg which he isolated from different 
Enghsh beers some other species belongmg to the same group 
He found that they fall naturally mto two distmct groups Schion- 
mng selected a typical representative of each, described as Torula 
{A) and Torula {B) 

Both develop slowly in ordinary lager-beer wort They give 
a typical low fermentation, which, m the ease of Torula (B), lasts 
for SIX months at 20° 0 , whereas ferments somewhat moie 
rapidly 

Torula (A) — The cells are elhpticaJ, but at the same time 
sausage-shaped and even mycehal forms occur together with 
•queer erratic shapes The size is somewhat variable Giant cells 
with strongly refractive protoplasm and thick walls are also found 
The protoplasm of the ordinary cells is feebly refractive, with 
indistmct vacuoles frequently contammg a motile body 

Torula (B ) — The cells look somewhat like Totula {A), but are 
on the wliole rather shmmer and more uniform, for the most part 
sausage-shaped, but long mycelial cells also occur In older cul- 
tures a loose layer of mycelium oonsistmg of threads covers the true 
sedimentary yeast layer 

In sterilised beer, which m the case of Totula (J5) must be 
mixed with a little saccharose or glucose, slow propagation 
takes place at 26° 0. The beer at first thickens, and afterwards 
■gradually clarifies with the simultaneous formation of a somewhat 
coherent sediment Its cells are, on the whole, larger and more 
uniform, and the protoplasm is more refractive than m the corre- 
spondmg wort-cultui'ea If the development has taken place in 
•closed vessels the beer gives evidence of a high content of carbon 
dioxide when it is poured out, and gives a fine head By storage 
m flasks with access of air both species form a feeble yeast rmg and 
a flhn (hke Saccharomycetes ) , the cells are elongated 

Torula (J.) may sometimes occur with a fine, dry, and greyish 
film like Mycoderma. The cells are then regular and eUiptical 
The temperature limits for propagation are — Torula \A) 40° to 
40-5° C and 6° to 7° 0 , Torula {B) 39'5° and 3 4° C Optimum 
temperature 30° to 36° 0 for both groups It is worthy of note 
in this connection that the cells die m fifteen to eighteen months 
in wort, but if a httlo calcium carbonate is added life may be pre- 
served for a long time, probably m consequence of the neutralisation 
of acid formed by the cells In bottled beer they can live for a 
long time 
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Saccharose is easily feimented by (A), and loss i-ajadly by (H). 
Glucose and Issvulose are easily fermented by both , maltoso 
more readily by (A) than by (B) Neither forineuts dextrin. 
Saccharose-yeast-water is fermented, but without giving Kehling’n 
reaction, for although mversion takes place, the inverted HUgar is 
immediately fermented Lactose is fermented only by Tomla ( H) 

They are not very sensitive to the alcohol aiul acid formed 
durmg fermentation, so that at the end of the ])runary fermentation 
they can hold their own m competition with BacdmromycHeH, and 
may, therefore, ferment the sugar residues with wliich the BaccJiaro- 
mycetes are mcapable of reacting 

When Tmula {A) is added to fully-fonnouted beei’ (Danish 
export beer and Danish stout) or to wort, it forms acid along 
with alcohol, which to some extent com bines with the aleoliol 
and produces characteristic aromatic and (lavouring ('theroal 
substances The acid reaction of the liquid is also incroasod. 
Tomla (B), on the other hand, cannot clovolof) further in tlii'so 
beers, but by the addition of sugar a fresh ferinentation si'ts in, 
with pecuhar aroma and flavour This Torida is, theri'foris iinablo 
to ferment the sugar residues it the beer has alrc'iidy Ix't'ii veil 
fermented 


In Danish, Swedish, and Amencan beers those species can also 
be detected The conditions, however, are oxtreuieiy unfavourable 
for then development , this is especially the casi* with l.h<* low 
temperatures used m the preparation of lager beer. According 
to Schionnmg, if pure cultures of these forms are introduei'il into 
Contmental beers, they appear as true disease forms, imparting 
an unpleasant taste and smell to the beer. 


Van Hest found a small (4 to 6 g) oval or almost round 'I’ovuhc 
Dutch beers. All those were opalescent or 
tobid, md possessed a pecuhar fruity flavour, lie termed the 
lorula, Sacch pirwpMorus rmhdm, and found that under varying 
conjtio^ Its shape vanes greatly, and that a myeehum is Xdimd 

pother Tomlos {S pi^htorus en&rvans) is often found in the sarno 
ana gives no aroma 


Meissner found certain TorvMs m old bottled wines and in 

HrSesci i. ; 

aai like At«/on- 

with the si quantity o^-OSn^c'^Tit^^ Potassium bisulphite, (won 
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yeasts are at first suppressed by the slime yeasts, but at a later 
stage when the percentage of carbon dioxide mcreases these are 
themselves suppressed It is only wmes poor m alcohol that turn 
VISCOUS. A red wme which is noh in tannin is seldom afEected 

Hartmann cultivated m a pure state an orgamsm derived 
from a dry yeast ma.ss m Java, mainly consisting of rice starch 
named by him Torula colliculosa The size of the cells varies 
from 1*7 to 9*7 ju It forms a smooth and moist glistening surface 
on wort-agar, but withm twelve to fourteen days numerous erup- 
tions appear about the size of a pm’s head In these are to be 
found the large cells This Torula ferments saccharose, glucose, 
rafiinosc, and Isevulose 

Adametz, m conjunction with Wmckler, found two Torulas 
in Olmutzer Quargel cheese, one of which develops a yellowish- 
green fluorescent colourmg matter on nutritive gelatine, and attacks 
the lactose, forming carbon dioxide but no alcohol. In kephir, 
Freudenreich found a Torula {Sacoh kefi7) along with three species 
of bacteria, which played a part in the fermentation It is small 
(3 to 5 jix) and oval, gives no fermentation m milk, but a peculiar 
yeasty taste When the miUc has been hydrolysed, a process 
efllected by the Streptococcus present m kephir, a fermentation 
takes place. Dextrose and maltose are both fermented 

The yeast fungi which occur in strong salt solutions occupy 
a smgular place Thus Wehmer has described a salt yeast ” 
which occurs in large numbers m pickled herring It is a small, 
round, or oval Torula^ which thrives well m nutritive solutions 
containmg from 10 to 16 per cent, of sodium chlonde, and it remains 
capable of development for weeks and months m presence of 24 per 
cent. It is probably derived from sea water, and brings about, 
according the Wehmer, the formation of tnmethylanune m pickled 
herring 

In an exammation of the bng orgamsm {Torula ep^zoa), K. 
Hoye was led to undertake a senes of air analyses along the coast 
of Norway. Ho utihsed as a substratum a wheaten flour paste to 
which 17 per cent of sodium chloride had been added, in order to 
prevent the growth of the usual moulds and bactena. On this salty 
substratum a few buddmg fungi developed, one of which gave 
spore-formation (described under the Saccharomycetes) , the other 
two are Torulas. 

Levure de 8el j3 is a roundish oval yeast, the shape of which 
depends on the amount of salt present By the addition of 16 per 
cent, of salt the colls are more oval than in the presence of smaller 
quantities, but with 20 per cent many are distinctly pomted, 
somewhat like a carrot Short fine pomts project from the mem- 
brane of the colls, two or three on each The cells are sometimes 
connected by these threads It does not develop in cider. 

Levure de 8el y is very variable m shape It grows like Monilm 
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in fish broth containing 16 per cent of salt It forms oval cells 
m m presence of 25 per cent , and gives absolutely round 

cells with 35 per cent of salt There is no growth m cider 

Aecordmg to Wehmer the sauerkraut fermentation is not simply 
a lactic acid, but is always accompamed by an alcoholic fermenta- 
tion He states that three budding fungi occur with moi'f)ho- 
logical differences, which he calls Sacch. brassicm /, fl., Jll., 
but he adds that no spore-formation takes place, so that wo are 
really dealing with Toridas The small species No 1 has an olon 
gated spherical shape. No 11 is sphencal, and No III., which i.s 
found most frequently, is elhpsoidal The yeasts are said to he 
the cause of foaming By destroymg the sugar residues which have 
not been attacked by the lactic bacteria, they are of value in ou- 
hanemg the keepmg quahties of the preserved food According to 
R. Schulz, yeasts of the type of S elhpsoideus and iV. (Vincidatm 
are present m the sourmg of beans, certainly m preserved mw 
beans Wehmer states that fermentation proceeds with the 
formation of gas 






The red buddmg fungi (the “ pmk yeast ” of medicinal bacteri- 
ology) were described by Will (see above). The following species 
belong to the same group 

Torvla b = Torula mucilag%nosa n sp. The colls aro oval and 
somewhat larger than those of T(ynda a (see above) with a longtli 
os <as 9 of 6 to 6'6 ju and breadth of about 2 /(. 

^ ^ sowmg m wort a slight turbidity 

^^9 <s<s*^ 5 ^ takes place at first, and almost immedi- 
e»^ fl ^ oa 8 afterwards a shiny yeast ring forms 

e a® ^ (s® of hlio tlask with a dirty red 

oa colour The ring increases in thickness, 

^ a c® towards the middle of tho flask, 

^ ^ so that this IS gradually filled Eroni toji to 

^9 bottom with a rose-coloured slimy mass. 

Big 93— rortt/a 5— Young slime whioJi fall from the ring 

ooitnre (Brask) x 660 form a more or loss thiek layer on tho liot- 
ia AT ^ taking out tho sample tho liquid 

fermentation takes place with dextrose, maltose, 

are^vk^d^Tv Saoohaxoso and raffinoso 

^ cultivation of this speoios in wort with varying 

w t ^ ^ ^ contammg 1 per cent, of alcohol. The rinc is 

ever ^ dovolopmont what- 

ever takes place m presence of 6 per cent of alcohol. 

formation is influonood bv tbo 
portion of and albumen, the f oUowingTpen^ 

poor th6®dov5opmoi.t w.w 

only n nmote redment By tAataorof^n”* ti^Tog 
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formation is restored When the quantity of sugar remains con- 
stant (10 per cent, dextrose), while that of peptone rises from 
0*1 to 0*2, 0*5, and 1 per cent , the nng formation is favourably 
influenced With a constant quantity of peptone (0*5 per cent ) 
and increasmg quantities of dextrose (6-10-20 per cent ) the slimy 
ring formation is reduced with increasmg quantity of sugar. This 
shows that the slime formation depends upon the presence of 
albummoids, and not upon that of sugar The surface colonies 
on wort-gelatme (10 per cent ) are round, moist, and ghstening, 
pale pink m colour, and shghtly arched The young colonies have 
smooth edges, the older show a depression m the middle and shght 
transverse furrows at the edge 

Toruld c = Torulcb cinnctbaTiTia n sp The cells are predomi- 
nantly of an elongated and oval shape, often provided with pro- 
mycehum The length varies from 7 7 to 10*6 ju, breadth from 
3*6 to 6*0 ju. Giant cells often occur, sometimes with rather elon- 
gated form, 14 6 ju m length, sometimes almost spherical and 
fl-6 // m diameter 




When sown in wort or in various sugar solutions, it first forms 
a smooth and afterwards a dry wnnkled film with mtense crimson- 
lake colour. The liquid under the film is clear No sedimentary 
yeast is formed, and no fermentation phenomena can be observed 
The wort undergoes a remarkable bleachmg effect m older cultures. 
At 26° isolated islands of film appear on the surface m sixty hours, 
and few cells show indications of promycehum The formation 
of promyoelium takes place freely in eighty hours The formation 
of buds takes place both on the promycehum and on the cells. 
There is no fermentation m dextrose, maltose, lactose, saccharose, 
raffinoso, or dextrm, but saccharose and raflBnose solutions are 
inverted 

In wort with 1 to 2 per cent of alcohol a feeble fermentation 
is visible With higher percentages of alcohol, no development 
takes place The surface colonies on wort-gelatme (10 per cent.) 
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are round, pale pink m. colour and opaque At a latci’ stage the 
surface is warty, the edge jagged The old colonies are dry, and 
display a network of furrows and a finely fringed edge 

Red Torula species occur in milk and cream, whore they often 
form led specks on the surface, as well as m Wtter anti cheost'. 
Demme declares that the species occurring in milk and choose 
IS the cause of catarrh of the stomach in children 

Kramer found a top-fermentation Torula in must winch pro- 
duces a red soluble colouring matter It ferments dextrose, and 
produces 4 3 per cent by volume of alcohol iii a 10 jioi‘ cent solu- 
tion. Saccharose is mverted by this species, and maltose is dirootly 
fermented Lactose, on the other hand, is not alTectcd 

A considerable number of To^nilas were foimd by Snito m tho 
air at Dairen, Manchima Only one of the m’notoon growths 
described is capable of fermenting sugar (dextrose and saccharose) ; 
this species, T fermentah, has oval and elongated colls, and forms 
round colomes and a moist film , it hquefios gelatme. 'Pomporaturo 
limits for budding, 35 5 to 40 6'’ C and 0-6 to 0. 

Among other forms to be cited in this oonueotion arc: — T. 
amanitaca, with orange-red colomes and globular oval cells, 7'. 
sangmnea with red, T rufula with hght rod, T. ooraUiiM and 
T tuira with deep red colonies — these five species containing 
invertase, T miuutowith red colomes but without invortaso; T 
tamoaa with orange-coloured and T. rubeacens with coral-hucd 
colonies, both developmg mycelium as well as tho normal e(*ll forms. 


Torula Yeasts fermenting Lactose. 

Duclaux found a yeast-fungus m milk which induces alooliolio 
rennentation in a solution of lactose This fungus ajipears to ho 
most nearly related to the Torula species Qlio cells aro I *5 to 
- 5 ^ m (hameter, and almost spherical According to Ducflaux’s 
experiments, this yeast is more aerobic than tho ordinary alcoholic 
ye^. Lven with strong aeration of the liquid, tho wl'iolo oj the 
j^^e IS iwed up m alcohohe fermentation. In a 5 nor cout. 

® per cent, of alcohol was foimed in olovon 
Sfot? The most favourable temperature for tho for- 

mentation of a neutr^ solution is 25° to 32° 0 , whilst at 37° to 

fretardS Tuaniitios of acid have 

influence on the fermentative activity of tins yoost. 
Adametz likewise describes a buddmg-fungus which fermonts 
lactose C Scachwromycea lochs") Since . 

«« be Sldt 

Srss Id T e-sn'rot 

uiewery yeasts, and are spherical and elholioal TJia 
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yields a dull, flat mass on the surface and a vigorous growth m 
tbe puncture channel, and from this numerous offshoots penetrate 
into the gelatine. In sterilised milk this fungus mduoes fermenta- 
tion phenomena within twenty-four hours at 60° C , in forty-eight 
hours at 38° 0., and m about four days at 26° C In this fermenta- 
tion the lactose alone is decomposed 

Both of the species mentioned above have been more closely 
investigated by Kayser, together with a new species, which htewxse 
ferments lactose, and belongs to the non-SoMharomycetea All 
tliree yield colomes on gelatme, which are more widely spread 
than those of beer- and wme-yeasts , the colomes have a dense 
centre with a border resemblmg mycehum In nulk and 
in neutral hquids, when sufficiently aerated, they mduce an 
appreciable fermentation at 25° to 30° C The milk does not 
coagulate or become voscous durmg the alcohohc fermentation. 
All three species ferment lactose, galactose, cane-sugar, glucose, 
invert-sugar, and finally maltose, but the last only with great 
difficulty In the fermentation of milk-sugar with these yeasts, 
the resulting liquids are as nch m alcohol as the strongest beers 
Kayser remarks that it may, perhaps, be possible to make practical 
use" of this observation and by means of these fungi convert the 
lai'gc quantities of whey, obtained m the manufacture of cheese, 
into an alcoholic hquor 

Bombrowski found a number of Ten via species to be of very 
frequent occurrence m milk and deny produce (Many of them 
do not produce fermentation ) He describes five different species, 
to which be gives the collective name of T lactia (o-t) The first, 
a, isolated from Mazun— oval cells— is a top-fermentation type , 
no film , in minr, active fermentation with aromatic products 
Ferments lactose, dextrose, saccharose, and galactose , not maltose. 
Can yield about 6 per cent of alcohol Colomes m gelatme lenta- 
cular 3 produces low fermentation, on sohd media the cells 
are mucS elongated and mycehal , it ferments the same sizars 
as a V from kephir with oval and globular cells, top-fermentation, 
film and rme-formation , colomes lens- and cone-shaped , reacte 
with sugars like a md 3, Sand a from butter have sphenc^ cells 
(lu 8 considerably smaller) with large amounts of fat , rmg-forma- 
tion On gelatme same forms of colomes as the preoetog species. 
None of the sugars named are fermented, but both forms will 
avow freelv ou. yeast water with those sugars , , . 

Beiierinok has described two yeasts which also ferment lactose, 
and which must be provisionally regarded as non-Saccha^omycetes , 
these are Saccharomycea Eephyr, wffich occurs m 
consists of longish cells of vaned shape, and forms shghtly jagg®*! 
nolnmes hauefvmg gelatme , and SaccJiaromyces Tyrocola (from 
Edam cheese), which consists of small 

snow-white colomes on gelatine Beijermck found that these two 
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species secrete a particular invertive ferment {lactase) which inverts 
lactose 


In Lombardy Grana cheese a unilaterally budding, top-for- 
mentation yeast was discovered by Boohiccio, wliioh is oalletl 
Ladomyces inflans caseigrana The growth consists of round, 
elhpsoidal, and oblong cells, and forms v^hitish colonics with smootli 
edges on gelatiae No spore-formation was observed In lactoHc- 
broth it produces a vigorous fermentation at 26“ to 40“ 0. , the 
best temperature for development is about 30“ C., the Imiit 
of existence at about 60“ C Whey infected with this species is 
converted mto a foaming beverage with a somewhat agreeable task* 
Weigmann has isolated a pure culture of Torula from a defective 
butter. By fermentation in milk the products comprised 61 "2 per 
cent, by weight of alcohol and 34‘4 per cent of carbon dioxide, 
together with 3 6 per cent of butync acid Orla Jonsen 
has also isolated a Torula from butter which forraonted 
maltose m addition to lactose P Maz6 found ten dillcrcnt ToruVts 


m soft cheese, one of which fermented lactose only , the others, 
in addition, fermented dextrose, Isevulose, maltose, and sacoharosc. 
The fermentations are more rapidly earned to an end, and a higher 
yield of alcohol is obtained if they are earned out in an alkaline 
hquor Martin bouillon makes a good substratum with 0 088 per 
cent of sodium carbonate Maz6 beheves it to be probable that 
these species produce aromatic bodies m soft choose. In American 
cheese and milk a Torula occurred at one timo, producing a bitter 
taste. Hamson proved that the infection was denved from milk 
cans, which, in them turn, had been infected by exposure under 
maple trees to dry air The yeast-fungus, named by Harnsoii 
Tmma arrut/ra, gives a strong and unpleasantly bitter taste to 
mi^ in fourteen hours at 37“ C fermentation is brought about, 
an odour developed resembhng that of plum kernels , the 
flavour becomes more astrmgent At a later stage the milk curdles 
somewhat, and possesses a shghtly acid and ethereal aroma. Lactose, 
glucose, and saccharose are easily fermented In milk the last 
^e of mgar is fermented The orgamsm grows in broth con- 
taming 2 to 4 per cent of lactic acid 

and comprehensive description of these lactosi'- 
^entmg ToruJm (together with the lactose-fermenting flnccharo- 

undertook a special 

of AdamIf 7 ’Vy^^ Ddorpliolo^cal and physiological invostigatioa 
of jWametz SomJi lactis and Beijennck’s Tyrocoh. 

— amoM tb^ three lactose-fermentmg species m Mazun 

are genume Mazun yeast with giant colonies, which 

In many drfeotiTe butters and eheeses, Tor^ other than tl,6 
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above have been detected, winch appear to be of more or less 
importance , thus Roger found a Torula m a fishy and rancid 
butter, which occurred several times in oases of preserved butter, 
and contains a fat-cleavmg enzyme Adametz has observed a 
Torula durmg the bhstermg of cheese, which was also discovered 
by Bochiocio m Lombardy Giana cheese The Lactomyces mflans 
caseigrana alluded to above brings about a marked bhstermg on 
the outer parts of hard cheese It coagulates sterile milk, and 
partially hquefies the ooagulum without noticeable formation of 
acid It must, therefore, contam a clottmg enzyme and a tryptic 
enzyme 


Saccharomyces apiculatus Reess. 

This fungus was discovered by Reess (1870) in fermentmg 
frmt-]uices and m wme-must, and also as a regular constituent 
of the fungoid flora on npe grapes and tree-fruits. He showed 
that it appears m different forms in the course of its development, 
the typical one being the lemon shaped , he therefore gave it the 
appropriate name of S ap%culatus 

This ferment was the sub] ect of one of the finest and most thorough 
biological investigations of our time, for Hansen was enabled, 
after several years’ work, to determme both its habitat m nature 
and its regular migrations at different seasons of the year.’*' The 
reason why this species was selected for the investigation was that 
it could always be recogmsed m cultures by its lemon-shaped 
cells 

S aptcuiatus, besides occurring m wme fermentation, is also 
found m spontaneously-fermented Belgian beer (Lambic, Faro, 
Mars, Kneckenbier), and, accordmg to van Laer, imparts to it 
its pecuhar taste and odour 

If a httle of such a growth is exanuned under the microscope 
in a drop of nutritive hquid, the development of the fungus can be 
followed This is very characteristic (compare Fig 96) It is 
seen that the buds formed from the typical lemon-shaped cells 
may be either lemon-shaped (a, b, c, e, f) or oval (a-c) , it wfil also 
be noticed that the oval cells must first form one or more buds 
before they are able to assume the lemon-shape (e-/), and finally, 
that the lemon-shape of a ceE attained by budding (Jb, k', k”) 
may be lost again on the formation of a new bud (Jc"'). Under 
other conditions the cells may assume quite different forms, sausage- 
shaped, crescent-shaped, like bacteria, etc. (gr-m) Does any rule 
govern this apparent confusion * It was shown by means of culture 
experiments that the lemon-shaped buds are developed especially 
durmg the early stages of the culture, but are afterwards crowded 
out by the oval forms. 

* See seotiou i Biological relationslnp of yeast 
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The species exammed by Hansen will now be further doscnbed 
from the physiological and biological standpoint 

8acch wpiculalm is a bottom-fermentation yeast, capable of 
excitmg alcohohe fermentation m beer-wort , tho fermentation 
m thiR hquid is, however, a feeble one, only 1 per cent by volume 
of alcohol being produced, whilst a bottom-yeast under tho same 
conditions gives 6 per cent This arises from tho fact that tho 
Hansen species cannot ferment maltose Hansen also found that 
this species does not secrete mvertase On tho other Land, it 
excites a vigorous fermentation m 16 per cent and 10 per cent 
solutions of dextrose m yeast-water, and m one experiment as 
much as 3 per cent by volume of alcohol was formed After three 


^ ‘ 0 , ^ 


c t 









Fig m^aecharomycts apiculatua (after Hansen) — Buddma oella a n." « nnii « i. u 
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months the hqnid still gave the sugar reaction whilst the amount 
of alcohol had not increased durmg the last six weeks The fungus 
was thus unable to complete the fermentation. In another of 
Hansen’s experiments as much as 4*3 per cent by volume of alcohol 
was produced. Also Isevulose and mannose are fermented 

The temperature limits for budding m wort were found by 
Klocker to he between 36°-37° C and 3 5°-0 5° C It survives an 
hour’s exposure in wort at 45° C , but not at 48° C At 36° C. in 
wort the cells after three days become swollen, and many of them 
take the form of long sausages 

The orgamsm is very sensitive to chemical reagents Sulphurous 
acid (0*025 per cent ) almost entirely prevents its fermentative 
activity, and alcohol acts very restnctively. On the other hand, 
tannm only acts at a strength of 0*6 per cent 

It was found by experiment that this fungus, bemg the weaker 
species, was crowded out from a mixture with Saccharomyces 
cerevisice grown m beer-wort, although it retarded the growth of 
Sacch, cerev^sice to no small degree 

In flasks with the same beer-wort, and at the same temperature, 
each containing one species, Saccharomyces apicvlatus will multiply 
to a greater extent than the brewery yeasts m a given tune. 

At the critical time of the year, the ferment, lE present m the 
wort m considerable quantities, may exist for a length of tune 
side by side with brewery yeast, and will no doubt retard its 
action a little ; but when the beer is transferred to the lager cellar, 
the fungus remains inactive m the alcohohc hquid, and frequently 
perishes. 

MuUer-Thurgau and Wortmann regard the fungus as mjurious 
to wme, for it not only duectly prejudices the quahty of the 
wine and must, but also checks fermentation, and thus gives nse 
to disease. 

The organic non-volatile acids (tartanc and make) present m fruit 
]uioes and grape must are attacked by 8 apiculatus. It is possible 
that they serve as sources of carbon for this yeast, or else that they 
are decomposed m the fermentation process As fast as the acid 
is consumed a fresh formation of acid, especially volatile acids, 
takes place 

Hansen, as already stated, always made a smgle species the object 
of a research. It was afterwards proved that the specific name 
embraces a number of species or varieties characterised by the 
typical lemon-shape of the cells, which predommates, not only 
in the first stage of development of the cultures, but also later, 
under suitable nutritive conditions Many of these species occupy 
a pecuhar position in the buddmg process also , when the daughter- 
cell separates from the mother-cell, a new bud appears at the pomt 
where the separation took place The morphological differences 
between the species or varieties are less considerable Spore- 
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formation is only known as yet m very few species Beijorniok mot 
with some spores m his cultures (1894) , he does not state, however, 
whether they could germinate Later, in cells from dowers of a 
Eohima, Lmdner observed a smgle spore with a distinct wall and 
granulated plaHTUfl. but no germmation, after cultivation in wort 
m a moist chamber Eo hliug found that several cultures formed 
spores on gypsum blocks, and succeeded m observing germination 
in an extract of horse-dung with 5 per cent dextrose Similar 
observations were made by Holm m the author’s laboratory working 
with lemon-shaped cells, somewhat larger than the ordinary species, 
but without germmation Klocker, on the contrary, could observe 
m one species a typical abundant sporulation and successive phases 
of germmation , he, therefore, gave this species a special generic 
name, separating it from all other species, where no spore-formaiaon 
has as yet been observed 

The pnncipal distinctive marks of the varieties are physio- 
logical 

Thus, Amthor discovered considerable differences between the 
races m the amount of volatile acids or alcohol and glyoorine pro- 
duced Marked differences were also found by Miillor-Thurgau 
between the races he experimented upon, some of wbicli produced 
only 2-5 per cent of alcohol by weight, while in others the 
amount was considerably higher, nsmg m one case to 0 per cent. 
Erohling also established several physiological facts in the oourao 
of hie work 

Very extensive physiological mvestigations have been carried 
out m recent years % Klocker and Wdl 

The former, m his studies of seventeen different forms, proved 
the great influence exerted by temperatiue on the shape and di- 
mensions of the cells 

All these forms, except one, are classed by liim — bocauso no 
spore-formation has been observed in them — among the Torulacom, 
as a subdivision, which he calls Psevdosaccharomyces. They were 
tested with dextrose, laevulose, saccharose, maltose, (f-mannose, 
and do not ferment lactose or galactose They aro classifled as 
follows • — 


The first group, to which belong the Hanson species already 
described, does not contain invertase Two of the species meluded 
m tto group ferment small quantities of maltose. The others 
are (tomguished by their yield of alcohol, minimum temperature 
of budding, etc ^ 

T^ species of the second group, ongmating from tropical 
countnes, contain vnvertase and ferment mvert sugar In this 
poup there are marked differences m regard to alcohol production, 
himtmg temperatures of budding, nature of sedimentary yeast 

cell-forms at high temperature (35° C), and so forth. 

- A pecuhar position is occupied by the seventeenth species, 



Y KAHTS. 


385 


whidli foriuK and us tormod Hansmioapora Valbymais 

liikt* lilt' ollu'r mitHiioK, it lias not only olUpsoidal and elongated, 
lint also It'mon sliai««l ot'lls. The tomporaturo limits for budding 
ill wort aro ;12'’ 33“ (! and below O-H® C rospootivoly It does not 
^•*^vilihstaii(l being lit'atod one hour at 45° 0 The young spores 
art' globular , latt'i' Lliey beoonus soims|)honcal, surrounded by a 
rim at Mu' bast' 'I’iu'ro aro usually two Hi>oros m a cell. It ferments 
dt'\l.rost‘, lii'\ ultisi', and d nmiinoso, and product's up to about 7 per 
coni., til .dotilitil. .\ft('r out' month in wort the percentage was 
0-1I3. 

Will Miortiughly Hliiidictl four uou-spocnlatiug speoios, two 
from rt'ct'iiMy rormt»nl.t'd bt'cr-wort and two from grapes. In 
atuuinlanct' with Klockor, lit' <!laH,sas them among TorulacecB, which 
com prist' soiuo s[ii'fU's with Icinou-sliapod colls, though those 
art' far from typical or [irodtinmiatiug. Will gives a full description 
tif tilt' butltling proot'ss autl the ccll-fonns, mcludmg the typically 
It'iiioii sha(ii'tl giiuit tit'lls , 111 all the siiooies oxamuiod by him ho 
foimtl that imptirtiuit characters tor determining the speoios aro 
givt'ii by the cell forms iii the socontl stage of dovolo])mont, the 
Ulm-ftirniation. (joiig cells appt'ar in two species at this stage, 
while in llu' other l.wo thi'y are roiiutl or slightly elongated. Ho 
further shows that the structure of the giant colonics is very peculiar 
anti constitutes a iiiaiiriilar tlifferuig from that of tho colonies 
fornit'd by other butltling fungi The upper tomporaturo limit of 
ituiltling was between 31“ anti 35“ <5, It was not possible, however, 
by mt'iuiH of (.lit' tsharae.tt'rs stutlied and compared with tho dostirip- 
tion tif KItleIvt'r’s stiecit's, tti identify tho lour species with any of 
tilt' latter. 


Mycoderma. 


it is tdiaraeti'rihtie of this group that it very readily forms 
filiiiH on various alcoholic litjuitls. Under tho name aro included 
a number tif dilTerent siiocies, some of which inay excite a feeble 
aleoholie fennt'iitation ; they behave differently towards lager 
lu'cr, stiiiie causing tlist'iist' whilst others do not. In wine they aro 


tlangeroiis tlist'iise germs. 

Tilt' M iicodcrintt cwviaw t'xamiiu'tl by Hanson, whion is iim- 
vt'rsallv nif't with in (Itijienhagen breweries, forms varioiisiy- 
shapt'd' cells. 'I'ht'y aro usually trausjiaroiit and less refractive 
tlmii tlu' trui' f^(trflMramyr.elt>a ; in each coll there ai’^o generally 
outs two, or thrt'c highly refractive iiarticlos, which often have a 
uuivt'ring, rolling motion. 'I’his mioro-orgamsm forms a dull, 
grt'viHli, wrinkled lihri on wort and boor, and does not excite 
aleoholie ft'rmental,iou ; neither does it invert solutions of cono- 

^'^^^Tlm etiltniit'H tin tho surfaco of tho goiatino tu'o light grey , dull, 
autl sproatl out like a fUm or Jiolltiwod like a shell. By moans of 
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this macroscopic appearance Mycoderma is readily distinguished 
from the ordinary Saccharomycetes, which, on the same mediun* 
form light greyish-yellow colomes with a dry or lustrous surfaod 
and a more or less arched form ' 

The film-formation was noted by Hansen when lager bc^ 
had been exposed m open vessels at temperatures between 
2° and 16® C , at 33° 0 development still occurred, but at tem- 
peratures above 16° C this species gave place more and more to 
competing forms. As low temperatures are favourable to its 
development, it will readily thrive in the storage collar, especially 
as lager beer forms a much more favourable medium for its growth 
than wort This is seen to be the case when traces of a pure film ' 
are mtroduced mto lager beer and wort, contained in open vessels, 
and then left to develop , the culture m lager beer nearly always 
remains pure, while m wort various other species make their 


appearance 

In Hansen’s comprehensive 



97 — Mycoderma cerevisim from Copen- 
tagen brewenee (diavim from Batiue by 
Holm) 


exponments on Oarlsberg beer, it 
was always found that both lager 
and export beers wore attacked 
by this fungus , but there was 
never the slightest indication that 
the beer bad acquired any disease 
from this source The fungus was 
mdely (hstributed just at those 
periods when the beer was found 
to bo particularly stable and of 
good flavour. This has also been 
confirmed by numerous experi- 
ments on lager and export beers 
earned out in the author’s labora- 
tory It IS self-evident that we 


, 1 . , 1 speakmg of beer which 

^ b^n properly treated In imperfectly closed bottles and casks, 
Mya^ema ceremstce will, of course, rapidly develop a film, which 
is sufficient, unaided, to destroy the product 

In yeaat-making, more particularly m the manufaoture of air- 
^own yewt, several JHycodema-speoies come into play, because 
frnKi ''^th favourable conditions of development. In the 

a considerable 

^Mfaon ot Myc^ema cells, generally derived from impure 

Hansen expressed the opimon that the name Mycoderma 

ex^^nte'aS^ftfl ^ different species, and Lasch^’s 

deSSs f ^ conned this. The latter mvestigator 

bSr from cloudy 

beers. They are distinguished from the species desenbed by Hansen 
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^ by the fact that they produce alcohol m beer-wort , one yields 
1 ^ 0-26 per cent by volume, two yield 0 79 per cent , and the fourth 
ii cent Lasch6 concludes from his experiments that 

^ these four species cause diseases m beer, both turbidity and 
^ changes in taste and odour , m this respect they also differ from 
Hansen’s Mycoderma "Lasoh6 is mclmed to assume that the 
chemical composition of the wort has no influence on the disease 
caused by Mycodeima^ for, m his experiments, the disease was 
produced m worts of high extract and worts of low extract, m 
worts rich m sugar and worts poor m sugar. 

Winogradsky found that the Mycoderma occurrmg m wme, 
prepared in pure culture by Hansen’s* method, alters its shape 
with the composition of the nutritive solution , he experimented 
both with solutions, the mineral constituents of which remained 
constant while the orgamc substances varied, and also with solu- 
tions in which the reverse was the case 

Many experimenters have subjected Mycoderma to close m- 
vcstigation dmmg the last few years, and especially Henneberg, 
Hoinze, Meissner, Seifert, Will, and Dombrowski Meissner’s 
rescarclios are particularly comprehensive, both morphologically 
and physiologically, and they concern twenty-three different 
species of Mycoderma vim Greater or less distmctions were noted 
m tlie shape of cells, glycogen content, presence of oil drops, and 
giant colonies The film-formation also showed distmct features 
in different species, both with regard to the time required for its 
appearance, its character, and its colour (white, cream, yellowish- 
brown, and yellowish-ohve-green) When covered with the film, 
the liquor remains clear m certam cases, whilst m others a turbidity, 
of a permanent or temporary character takes place 

Will beheved that the decolonsation of the hquid may be 
due to the formation of acid brought about by film cells, whereas 
Heinzo thought that it was caused by the removal of acid 
Meissner confirmed the fact that a more or less marked decolonsa- 
tion takes place, but showed that afterwards a reversal of the 
colour tints may come about, so that must which had tuimed pale 
assumed by degrees a dark brown colour Not only is the total 
amount of acid destroyed, but the must at last acquires an alkahne 
reaction. Meissner succeeded m proving experimentally both 
with large and small amounts of must, that one and the same race 
may appear, first as a producer, and then as a destroyer of acid. 
It IS, therefore, necessary to forego the division of film yeasts 
into aoid-destroymg and acid-forming species Once the sugar 
in tlie must is destroyed, all so-called acid ferments will act as 
destroyers of acid With regard to this question of the formation 
and destruction of acid, Meissner also states that when an increase 
of acid takes place it must be regarded as a result of two simul- 
taneous processes of construction and destruction, and that 
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production haa exceeded destruction If, on tlio 'otlior hand, a 
reduction of acid takes place, the destructive action must bo re- 
garded as exceeding the constructive 

Butyric acid is formed amongst others, and ammoiiiiini com- 
pounds are also produced 

Meissner’s experiments regarding the reaction of the Myoo- 
deimas with orgamc acids gave the following results : — ^Malio acid 
IS only very slightly attacked by certain races, but strongly attacki'd 
by others Tartanc acid is shghtly decomposed Lactic, (sitric, 
and succmic acids are m some oases strongly aflocted Acotw! acid 
IS strongly attacked by a few species ; in other cases the Hjiocios 
cannot grow at all in a solution containing acetic acid. 

Alcohol, the sugars, glycerme, and tanmc acid ai-o decomposed. 
Alcohol IS converted by an oxidation process mto carbon dioxide 
and water, but may also act as an orgamc foodstuff As early 
as 1878 Schulz found that “ the film fungus can produce witbili 
itself ready formed orgamc compounds, and requires notlung but 
ammoma and alcohol for the purpose ” Schulz did not, howovi'r, 
work with pure cultures 


Meissner utihsed for his experiments both the oitrogenous 
nutntive material used by Schulz (ammonium mtrate, asparagiiu', 
ammomum tartrate) and an artificial solution coiitaimiig aiu 
monium phosphate and ammomum chloride, together with ‘the 
necessary mmeral constituents Tho vigorous growth of Mym- 
d&fma. proves that these two solutions supply them with nitrogi'ii. 
With regard to the sugars, Meissner found that the Mycoderma 
species cultivated on stenie gi*apo juico respired dextrose and 
lasvulose to some extent, partially producing acids from them On 
artificial nutritive solutions which contam dextrose or saceharoHi* 
as the only orgamc substance m addition to tho nocossary mineral 
^tnents, ^e sugars are oxidised, part bomg utihscd for tlie con- 
rtraction of new cells, and part for tho fresh formation of acid, 
fcrlycenne is not only destroyed, but may bo produced from otluT 
org^c substances This fact was confirmed by W Hoifort 

attention to the fact that many wines 
fflmy tave an odour which resembles rancid 
in these c degree Butyric acid has been formed 


^ a cask store a Mycoderma wliioh imparted a. 
navour to beer resembling mae ether 

generaUy. but bol always, 
fished its special work, but nevertheless wme may undorm 
fundament^ alterations caused by other micro-oreamsms 3 

STlace*^^ bV ^ Wortmann, Mycodermas take tlm 

a s ?'gejicy, alcohol is converted mto carbon 

r* u’ the amount of acW 

and destroy the bouquet A wme may become filmy, and may 
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deteriorate in time without a visible covermg of film appearing 
on its surface The suspended cells of Mycoderma^ which need 
not be numerous, may brmg about m the course of years the same 
action which would occur more rapidly if the cells formed a 
coherent mass on the surface Mycodermas which often inhabit 
corks (like the moulds) may impart the well-known corked taste 
to wine 

Will has isolated a Mycoderma decolorans from top-fermentation 
beer, which brmgs about a marked decolonsation of beer This 
occurs withm a short time at the high temperatures requisite 
for completmg top-fermentation The species develops a large 
amount of acid m beer, but under certam conditions a destruc- 
tion of acid may also take place It cannot brmg about alcohohc 
fermentation Will also made a senes of observations on the 
duration of life m wort-cultures and m the dry state, and on the 
power of resistance to heat m hquids 

Will and Leberle fm'ther described four other species, which 
wore grown on yeast water and dextrose They remark that the 
chief specific characters wore brought out by physiological expen- 
monts One of these species, M ce^evisice a, is distmguished by 
its mability to assimilate dextrose Laevulose is assimilated by 
an four species, while they ai'e mactive to saccharose, maltose, 
lactose, and galactose Alcohol proved an excellent nutriment. 
They vary m their power of assimilatmg orgamc acids 

Seifert closely exammed two Mycoderma species isolated from 
wme, which produced from 0'064 to 0’904 per cent of acetic acid 
in an ordinary Austnan white wme, and reduced the amount of 
alcohol. 

Four types ocourrmg m wme were desenbed by Rossi as 
distmgmshed by the shape and dimensions of ceUs, temperature 
limits of growth and power of resistance to alcohol None of them 
produced fermentation in must 

A species which seems to be classified with this group, Psevdo- 
mycoderma v%n%^ was found by Will on grapes The cells are small, 
spherical or eUipsoidal, others are spmdle-shaped or resemble 
S apiculalus, they are often elongated and form large budding 
associations The long forms have an oily corpuscle m the plasma 
and crystals in the vacuoles It almost always forms films, beginning, 
on wort, as islets looking like sohdified oil drops , at a later stage 
the film IS surrounded by a thick, raised edge and wnnkles, takmg 
on a yellowish-brown or reddish colour Colomes on gelatme are 
very irregular, with strong radiations of mycehal cells Giant 
colomes wnnkled, with knots Gelatme is hquefied Dextrose 
and lesvulose are actively fermented Formation of colouring 
matter very scarce 

The Mycoderma mvestigated by Hemze {M, cucumervna^ Ader- 
hold) was derived from a fermentation of sour cucumbers . he 
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declares it to be a dangerous enemy of lactic acid fermentation. 
In beer the organism attacks alcohol strongly, and produces a 
bitter flavour It is capable of producmg alcohohc fermentation 
in dextrose solutions In cider, with 10 62 g of sugar, it yielded 
4 34 g of alcohol per 100 c c of fermented liquid, m five months, 
at 25° C There is no fermentation with maltose, saccharose, and 
lactose 

Henneberg mentions two species of Mycoderma^ which he fre- 
quently found m distillery and pressed yeast The shape of the 
cells is very varied The one species frequently forms mycelial, 
Momlia-hke chains The difference between the two forms is 


specially Doarked in cultures on sohd substrata In dextrose and 
Iffivulose solutions bubbles of carbon dioxide form under the film, 
produced by the cells, which sink to the bottom Both species 
produce acetic ether The optimum temperature for growth lies 
between 32° and 41° C Dextrose and Isevulose are readily fer- 
mented, galactose less readily, only traces of maltose and dextrm 
are fermented, whilst lactose, saccharose, raffinose, and inulin are 
not fermented at aU In dextrose solution about 4 per cent, by 
volume of alcohol is produced The two species can readily utilise 
lactic acid as food, and withstand up to 5 per cent of the acid. 
Similarly they can withstand large quantities of alcohol (11 per 
cent.) The alcohol m this case is fairly quickly converted mto 
carbon dioxide and water They are very sensitive to acetic acid ; 
at 0*75 per cent growth is fully arrested 

Mycoderma la^is was isolated by Dombrowsky from butter and 
rennet The cells are rectangular with rounded edges , some are 
elongated, sicMe-shaped, or spherical It soon forms a film and 
deposit Colomes on gelatme, flat wuth an edge resembhng mould. 
It ferments dextrose with formation of ester In 100 c c of grape- 
must up to 6 g, of alcohol are formed. 

My<^erma Ghevah&ri, found by Guilhermond m a kmd of 
ginger-beer (Africa), produces a weak fermentation m wort and fer- 


ments saccharose, dextrose, and, actively, Isevulose and d-mannoso 
On wort it forms a greyish-yeUow film, which soon smks to the 
bottom and is replaced by a new film Cells oval, more or less 
elongated, m old bottom growths mycehal. On wort-gelatme 
at 20 C. the colonies are yeUowish-grey with a dry surface The 
l^ge colomes have a yellowish reticular central part, surrounded 
by a white frame with radiating stripes. 

Smto described several other types (Japan), one of which, 
i^lated from soy-beans, offers particular mterest on account of 
tbe very irreg^^ forms sometimes assumed by its cells The 
^l^es on gelaime are greyish-white with a moist surface, the 
centre of wluch m slightly elevated, and the borders crenelated. 
It does not hquefy gelatine The large colomes have a dry, mealy 
surface. On a decoction of koji it forms a white, dry film with 
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large intervals, which afterwards become pleated and mealy. It 
does not ferment the common sugars 

In Egyptian Leben (Leben raib), Rist and Khoury found a 
Mycoderma about which they say that it is not improbable it has 
a particular influence on the special flavour of the Leben ; in any 
case the rapid development of a sharp acid taste, which renders 
the beverage undrml^able m a few days, must be ascribed to this 
organism It forms both non-volatfle acids and. acetic acid It 
grows excellently m glucose and maltose, and gives a fermentation 
with the former, whilst it converts glucose mto acid, and brmgs 
about the combustion of alcohol In lactose solution it gives no 
fermentation, only film-formation 
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THE PURE CULTURE OF YEAST ON A LARGE SCALE. 

Industrial Application. 

By the mdustnal apphcation of pure cultures of systematically 
selected yeasts maugurated by Hansen and the author, it hccatno 
possible to cany out fermentations with certainty in a way that 
was impossible so long as an unknown yeast-mass was used con- 
taining not only a mixture of culture yeasts, but also wild yeasts, 
bactena, and even, m certain cases, moulds Such selected races 
can be preserved by appropnate means for a long time as small 
cultures which can be developed afresh mto mass cultures. 

One very important result of the adoption of the process was 
to prove that the visible fermentation phenomena do not in general 
give any clue to the punty of the fermentation On the otlior 
hand, these phenomena may sometimes give valuable information 
regarding the condition of the yeast, which is dirootly connected 
with the nature of the nutritive hqmd. 

A real knowledge of the punty of fermentation can only be 
gained by a biological analysis combmed with a microscopical 
examinaiion. 

Pasteur demonstrated the harm that bacteria can do when 
they develop in alcohohc fermentation, and at the same time he 
emphasised the importance of the oxidation of the nutntive liquid 
for yeast activity. Hansen expenmentaJly proved that some of 
the most dangerous diseases of beer are caused by wild yeasts * 

Before the relatively small quantity of pure yeast grown m the 
flasks can be utilised on an mdustnal scale, it has to bo further 
eveio;^d m the factory, where it must be introduced until the 
requmed quantity has been secured Owmg to the great power 
of adaptation possessed by alcohohc yeast, it is always possible 

impn^ Ti Bubjoolmg tho whole 

luok tho ^ 

the beat-aeleoted type of onltam TTnoif imposeible to depend on soourmff 

opeces and then to select those which best fSfi?Xsteted 
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(Im(., (luring; l.lu' long ooui'ho of (Uivolopiiu'ut it Iiah to undergo — 
111 t.lic uioirtt (•luiinlxT, iii mimwivo flasks, luicl during the amall- 
hcuK' [iri'liiuiuary fi'rmoiitationH in the fiU!t()ry---Homo one species 
may umUn-go vanaf.iou regarding the very properties that are of 
valiu> in prnetiee. In tiu' preliminary fermentations the mam point 
is, theri'fore, to ('iideavour to approiush as near as possible to 
the eondil.itins obtaining in the imrtumhu' factory, with a view 
to mainl.!dning, as far as possible, the normal chiu'aoter of the 
yeasl. employi'd. Ai. tlu' same time care must be taken that 
any iiifeelions to which these conditions may give rise are pro- 
venteil by suitabh' nusuis so that a practically pure yoast-inasa for 
lh(' largi' si'ali' work may be secured. 1’his has jirovoil xiossiblo by 
making a proper clioie<> of nutrii'iit liquid, tcmjierature, and quan- 
lily of Ihpiid. Obviously the nutritive Inpiid should bo essentially 
the same as that usually (‘injiloyed ni the factory, and the. relation 
bi'lwci'ii the quantity of yeast addl'd and the temperature at which 
it is to work should be such as to insure a (|uick a])pearaiico of fer- 
mentation phi'iioiui'ua in the small fermenting vessels ^Plic whole 
of till' fernu'iitiiig liipiid should then bi' run at once into a larger 
volume of li((iiid, and this operation should be repeated until fer- 
mentation has been induced in ime of the large tuns. 

'I’he (iroeeediiig lii'i’c deseribeil has been found to bo suitable 
in the great majority of eases, the yeiust mass having exhibited 
its essential iioriiial properties. 

'I'he dimensions of the small fermenting vessels are generally 
Hiieh tliat. tile diameter of the surface of the liquid is equal to about 
one Inilf of tiie lieight : they are provided with a loosely fitting 
lid. If they can not be placed in a room having about the requisite 
tempi'ratuiV fop small scale fermentation, thi'y must be covered 
with insulating material, or placH'd about 18 inches above the 
lloor level and hiniti'd gently. 

lin'iiw' lioUoiti fmuciiMion j/mU may be dealt with as follows — 

'I’lii' yeast, after being developed in three or four (Jarlsbcrg 
I'liiis, is run into litres of wort of the usual kind, cooled to ID" 0. 
In llie ooursi' of a few hours generations of new yeast-cells will bo 
formed, and the liquid is then run into a small vessel containing 
no litres of wort at 10" (!. ; wlien it is covereil by alnmdaiit foam, 
till' liiiuid togotiier with tin' yeast deposit, is run into a larger vessel 
of 0 lieelxilitres capaeity. The first development of the 55 litres 
is ('ITi'eteil in one lioctolitro of wort at 10" (!. ; after the foam has 
formed, 3^ lu'otolitres at 12"-15” are added. The resulting 5 hecto- 
litres are allowed to undergo an active fei’mentation and then, 
togi'tht'P with the yeast deposit, are run into about 40 hootolitros m 
an ordinary tun at about 10" (!. When abundant foam lias covered 
the surface, the tun is filled up and the fermentation oomplotcd. 
If the yeast culture has travelled a long way — whether in liquid 
or dry form -the cells are first rojuvouatod at about 25“ 0., and the 
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first fermentations are carried out at temperatures a fow degrees 
higher than those quoted above 

With By ewers' top-fermeritation yeast the same procedure is 
followed, the temperatures being regulated m accordance with those 
adopted m the large-scale fermentations Tho quant3tie>s of wort 
employed m the successive fermentations may be somewhat larger 
as a rule. Only m the case of a few particularly sensitive top- 
fermentation yeasts has it been found smtablo to completo each 
small fermentation and to use the mature ” yeast obtained for 
pitching purposes. 

In the fimt large tun the fermentation, whether bottom or top, 
win in general show some deviation from tho normal course, but 
not more than can be readily corrected m the secondary fermentation 
in the casks, where the beer is dehvered from a number of tuns 


In Distilleries the acclimatisation of pure yeast can be eireotcd 
with greater surety, as it is developed under the same conditions 
as in the large-scale fermentations The culture is inti‘oduoed 
into a small quantity (6 to 10 htres) of the common concentrated 
yeast-mash acidified by a lactic ferment, and after it has sot up 
a vigorous fermentation, this small portion of the mash is intro- 
duced into about ten times the volume and the process repeated 
Only the fi^ portion is boiled , the subsequent fermentations are 
conducted in ordinary mash. The first propagation should take 
place at 25° C , the next at 23° C In either of these fermenta- 
tions, care must be taken to prevent the temperature rismg moj‘o 
than two or three degrees (regulating either by water-bath or room- 
temperature) , the foUowiog fermentation is mduced at 18° C and 
oarried out at a temperature rising gradually to about 27° 0 

A sme^ar procedure is adopted m the propagation of pure yeast 
in the Vienna system of fermentation. 

In Molasses fermentation, on account of this material bema loss 
rea^y fermentable, it has been found beneficial to add, to tho 
first small portions of molasses (12°-10° BaU ), a shght dose of 
m^t-c^ or yeast-extract, and afterwards to boil the hqiior 
and acK^y it with sulphuric acid to about 0-7 N The fermentation 

’ the first portion of molasses does not 
exceed 20 htres, a similar quantity being added each time when 
about one-half is femented In later stages the degree of dilution 

2 the priSe'^rto^® T “ large-scale fermentations. 

^ addS^^f w molasses necessitates 

fln/i f bacteneidal substances, such as hydrochloric acid 
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to uiak(‘ tlu' y(‘ant-c‘t'lls inulUi»ly frcoly The following in the 
muiplest procedure : 'I’lie (uilturo iH firnt made to work lu 25 to- 
30 htn'H (tf original wort- winch han pi’iwiouHly been boiled for half an 
hour and cooh'd to 20" (!. ; in the cmirno of fonuontatiou the 
ti'uipi'rat-ure in allowed to riHc to 30" (!. When iii a atato of vigorous 
devi'lopnu'ut, tiu' fernu'uting lupiid is run into Konio 300 htros of 
unboiled, original wort at 25" V, , during fermentation the tompora- 
ture riHi'H to 20" ( !. '|’lu> fermenting liipiiil in then run into 1 ,600 litres 
of wort of about (> (ler cent-. Ball at 2-1" () , with a slight supply of 
air, till' tmnperatiure rising to 28" (]. The yinwt yioldeil is used' for 
pitelung, \vith due ri'gard to tlu' working methods of the factory 

In iri/zr fermentation the apjilieation of selecti'd yeast races 
is lieing adopted, Miilh'r 'Phurgau and Wortmann having demon- 
strnled that these yeasts range themselves in tyincally dilTerent 
groups (Cliam pagin', red wine, llhine wine, and other tyjies), 
\ihieh ri'tain their ehara-eteristies under varying conditions. 

'I'he dilllculty of making any si'leeted race assort itself is duo to 
till' well known fact that wine must contains numerous living germs 
of very diirercnt kinds, which are apt to enter at once into comjieti- 
tion with tlu' pureyi'iist; the assumption being tliat, after a normal 
fermentation, thi' sediment will contain the predominating good 
ty[)e, surviving the secondary fermentation. 

As for the method of using thi' pure yeast grown in tlie Utwiks, 
it may first he propagati'd in 16 to 26 litres of sterilised must. Q’lie 
product may hi' employed direct as sectling yeast, or, when largo 
quantities of grapes arc used, it may scrvi' (in a vessel iittod with 
a hung-hole and tapping-cork) to prepare a larger amount of seoding 
yeast, with the addition of I hectolitre of fresh must, not yet 
fermenting and not lioiled np. Kroni 6*1 to 2 per cent, of the 
fermenting culture is used for si'eding tlio must (the yeast sodiraent 
being stirred up), according as the must is tnore or less rich m 
sugar ; some regard also boingpaidto tlie temperature and the biologi- 
cal condition of the must. 'I'lie ummmt re((iured should tiring about 
a ipiiek, but aid- violi'iit, fermentation, the latter being apt to 
hinder thi' formation of liouquet sulistanees. 'Po prevent the 
germs of the must from develoinug, it is advisable to iiitcb the 
yeast at iw early a Hta.ge as possible. Tlie proparod culture may 
be added to mlvantage, in many eases, piu-tioularly in a warm 
autumn, to the fresh must in the vineyard. 

Among the various ways in wliieli trials have boon made to 
further tho work of the solooted yoast-raoo, the most practical is 
doubtless the addition of disinfectants to the must, ospooially 
flinoc M iiller-Thurgau has shown wine yeasts to bo in general more 
resistant to sulphurous luud than are tho other ferments in must. 
Obviously must eamiot he absolutely sterilised by this acid or by 
potassium metasuliihite (KiB,Og), as considerations of flavour, 
oto., make it necessary to keep within narrow limits. As a matter 
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of fact, considerable advantages are derived from thus woakoinng 
any competing germs, providmg tliat the pure culture is accli- 
matised to tbe added chemicals by suitable treatment, so that 
it IS able to develop with full vigour 

Accordmg to MuUer-Thurgau, an addition of 40 to 120 mg of 
sulphur dioxide per htre is sufficient, the exact amount being 
detenmned m accordance with the composition of tho must and the 
conditions under which the fermentation is earned on. Otlior 


workers used up to 200 mg , 20 g of potassium motasulphito 
per heotohtre have been successfully used with pure cultures 
adapted to sulphurous acid. Part of these antisoyitios m solution 
may be poured over the grapes before mashing 

One way m which a pure yeast culture can bo adapted to sul- 
phurous acid IS by refreshing it m 2 or 3 litres of storihsod must, and 
then addmg to the vigorously lermenting must 100 o c of must treated 
mth 50 mg of sulphurous acid , after fennoutation has sot m, 
similar doses are added in succession until a volume of 2J litres is 
obtamed, containing about 0 01 per cent of sulphurous acid, 'riiis 
yeast-mash is used to set up fermentation m a larger quantity of 
must \nth the samq content of acid, at 18°-20° 0 , and tho resulting 
hquor is distributed among the oas!^ or tuns 

When the fermentation of wme comes to a standstill for somo 
reason or other, the pure culture should ho first developed in about 
20 htees of the wme, which, after adding somo 2 kilos, of sugar, 
is boiled for twenty mmutes and cooled to 20° 0 The fermenting 
wme may be added to 12 heotohtros of wine that has just roceivod 
a smtahle dose of sugar When fermentation has sot m, the whole 
batch of wme is used to ferment correspondingly lai'gor quantities 


* wmes that do not contam a sufliciont amount 

of alcohol, or that are too acid, it is advisable to add 1 or 2 litros 
o hqmd pure cul^e per heotohtre, accordmg to the amount of 
^ohol present The wme, drawn off from the old yeast, must have 
been dosed with sugar ]ust before pitclung 

regards after-fermentation of old wines, Woitinann ri'coni- 
mend, nddmg mreet mnat m sufficient qnnntity to give I ,r 7l 

of sugar pm litre and 10.0 oUhok.hqmd yenotV IdT 

4 - 1 , tmderstood that these indications must bo aclaotocl 

to Iffie conditions obtammg m each particular case ' 

fermentation the apphcation of pure yeast is of 

in apple or 1 ® howover, tho yeasts occurring 

sdecSi Co?i^eS jurticiously 

-*a ooDBiclerably more seeding yeast is required to sot up a 
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quick tmd vigorous fermentation than in the case of grape-wine 
fermentation. 

The use of pure cultures is of particular importance in fermenta- 
tion of B])arklmg wine, wlicvc it is po.sBible, by submitting the 
selected race to a suitable treatment durmg its development, to 
make tlio yeast settle quioldy to the bottom and to form a granular 
sediment. Comparatively small quantities of yeast are required, 
about 30 to 40 litres of fermenting must (stenhsed) to 1,000 litres 
of wine sugared to jiromote bottle fermentation. 

If a regular supjily of absolutely pure yeast must bo kept m 
stook, it IS necessary to use the pure propagating apparatus designed 
by Hansen and by A Kuhle. 



Kill. US VtiiiHt, aviiivnitiJB (loviwd by IfanHOu and KuUo — d, 

H,nk~midi (I, lmmilinff-oyUvd6r , o, wmdov, 6, 6, 6, BUrinr , ^ o, doubly- wnt 
lube i (I, voHHoI ooiitamniR wnlor , I, outlet oook j /, /, glass tnl» oonnootM at 
« and A with the oylindov, nnd graduated for tbo inoaHuroinont of Oxod quantitios 
of liumd : a, lllte : », rubber (louiiootion lor glass tubes ; j, tuw wth rubber oon- 
luu'tlon for mtrodiioiug tho pure onlturo , h, k, oonnootion witb the wort-eyhnder 
n t m, fllUir , «, », d(Hibly-l)ont tube ; o, vossol eontammg watei , p, spraying 
tube ; Ut oonuooiioii wiih cook /? , waste lor cooling water. 


'I’he apparatus (Fig 98) consists of tlirce chief parts and the 
necessary oonnocting tubes. First, the air apparatus, with air 
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pump (A) and air holder (B) ; secondly, the fermenting-cyhnder 
<C) ; and, thirdly, the worfc-oyhnder (D) The air, which has pre- 
viously been partially punfied, is pumped mto the receiver, and 
thence may be passed mto either the wort or the fermenting cylinder 
In either case the air is stenhsed by means of a cotton-wool fdter 
{g, m) The wort oylmder is directly connected with the copper 
from which the boiling hopped wort is run in , it is then aerated 
in the closed oyhnder, and is cooled by spraying. 

The wort is then forced mto the fermenting-cyhnder, which, 



Fig. 9d,— Yeftst-propBgafiiiff APD&r&tus 
demied Beigh and Jorgensen 


like the wort-oylmder, is con- 
structed on the same principle 
as the ordinary two-neoked flask. 
It IS fitted with a doubly-bent 
tube (c, d), which dips mto a 
vessel containing water , a verti- 
cal glass tube (/, i,f) for mcasur- 
mg the height of the hqmd in 
the oylmder , an apphance {b, b) 
for stirrmg up the deposited 
yeast , and a specially con- 
structed cook (Z) for drawmg oil 
the beer and the yeast At about 
the middle of the oylmder there 
is a small side tube (j), fitted 
with mdia- rubber connection, 
pmch-cock, and glass - stopper. 
When a portion of the wort has 
been forced mto the fermentmg- 
vessel, the absolutely pure yeast 
— ^which 13 forwarded to the 
brewery m a flask specially con- 
structed for this purpose — is 
mtroduced through the rubber 
tube at j i this is again closed, 
and the remamder of the wort 
may then be added either at 
once or after the lapse of a few 
days, according to the quantity 
of yeast mtroduced 


tSSSi;' -PP^^atus 

Another type of propagatmg apparatus has been described by 
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Bergh and Jorgensen (Fig 99) The filtered air pa-sSses'^tBrongh; 
the three-way cocks sbt A, B, and 0, into the two cylindera jLiand.. ^ 
B. The upper cylinder holds about 50, the lower cylinder 160 litres 
A IS provided with a stirrer B, and a tube (a) for introducing the 
yeast and withdrawing samples The bent tube F is an outlet 
for carbon dioxide The tube 0 P connects the two cylinders, 
and the connection can be made or broken by means of the cock 
0 H IS the outlet for water used in cleamng A. 

The cylmder B is surrounded by a cast-iron jacket made m 
two parts , the upper portion serves as a water-jacket for coolmg 
the wort and for regulatmg the fermentation , the lower portion 
is used as a steam-jacket, and is provided with a cock at 0 as an 
inlet for the steam, and another at /S as an outlet is a rmg- 
shaped tube provided with small holes , this is coimected with the 
cold-water mam durmg the cooUng of the wort , the water is drawn 
oH at N, The atin*er J is set m motion by means of toothed gear 
The height of the hquid m the cylmder is mdicated by means of 
a float, with pointer and arc L A bent tube, Z, projects from the 
top of the cylinder At the bottom is the cock 0, which is connected 
with the pipe b by cock T Both the bent tubes dip mto the vessel 
jB, which is filled with water 

The woit IB introduced mto the lower cylmder, where it is 
tj’oated in the ordinary manner. The pure culture is mtroduced 
into the upper cylmder, and is then washed down mto the lower 
cylmder by means of a httle wort, which is forced from B mto 
A, and then back agam mto B. When a vigorous multiphcation 
of the yoast has set m, the hqmd is stirred up, and a portion forced 
mto A ; this is to be used to start the next fermentation The 
cylmder B thus serves alternately as fermentmg- and wort-cyhnder 

A comprehensive mtroduction to the method of deahng with 
the apparatus used m the laboratory for the preparation of pure 
cultures (moist chambers and flasks) is to be found, along with 
the mode of operating the two types of propagatmg apparatus, 
in a small hand-book of the author’s, entitled Prachcal Management 
of Pure Yeast, London, 1903 Modifications of both forms of 
propagatmg apparatus have been described by Brown and Morris, 
Ehon, Thausmg, Van Laer, Pohl and Bauer, Wichmann, Fembach, 
Jacquemm, and others P Lindner and Marx have constructed 
a somewhat diflerent apparatus 

Seemg that m chese machmes the culture usually undergoes 
a large number of fermentations and under quite special conditions, 
it follows that some at lelust of the yeast races after leaving the plant 
may be found to have undergone some alteration when compared 
with the cultures described, which were grown m two or three 
small open vessels Yet, on-acoount of the great faculty for adapt- 
ation possessed by the yeast, it will usually behave quite normally 
when it has been propagated sufficiently to set up fermentation m 
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the first large tun If, after having completed, tho formontation, the 
yeast is left for a considerable length of tune in tho cylinder, it 
will hardly be able to work normally until it has gone through a 
number of fermentations Top-yeast propagated m the cylinder 
is sometimes found to give rise to clarification trouble ThiH is 
especially true of qmoMy clanfymg races, and may be avoidotl Iiy 
treating the ongmal culture m such a way as to make it produce 
a normal clarrfication under aU conditions An expose of a spt‘oial 
procedure with this object m view will be published later, wlieiv 
sufficient materials have been gathered , it will deal with tho many 
different top- and bottom-fermentation types, and clear up tho' 
question completely 




To facilitate sendmg the selected pui-e cultui-es m a liquid oon- 
dition to a distance, special forms of flaslis wore devised by Hansen 
(Fig 100) and by the author (Fig 101) The yeast can be HCMit 
a great (^tance m these flasks, and there is no difficulty in safely 
transferring it from the flask to the fermentmg-cylincler of ‘tho 
propagatmg apparatus, or to a small vat for development 

sending small quantities of pure oultui’es, in such a main km* 
tJiat they may be safely and readily employed for further culti- 
vation, the small Hansen flasks are employed (p 33) They are 
co^ected, m the flame, with the Pasteur flask in which tho imre 
culture has developed A trace of the yeast is transferred to tlu'- 
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cotton-wool, and the flask is again closed in the flame with Ihc 
asbestos stopper, which is then coated with sealmg-wax When 
the culture is to be used, the flask is agam connected with a Pasteur 
flask containing wort, and the yeast is rinsed into the lattei 

This process has made it possible to send large collections of 
pure cultures to the most distant countries at a very small cost. 
Large cultures also, for dnect use, can be despatched in a dried 
state to any distance 

It IS of the greatest importance to note that, even after the 
lapse of years, the particular yeast once selected can always be 
procured agam, a sample of the pure culture being preserved in 
the laboratory in a 10 per cent solution of cane-sugar, kept m 
the flasks described m Chap i , devised by the author for the 
purpose It IS of impox^tance, in order that the culture yeasts 
may be kept unaltered for a long time, that the liquid should not 
evaporate, and that the layer of yeast deposited upon the bottom 
of the flask should not be frequently shaken (see Figs 7-9). During 
the mtroduction of a few drops into a Pasteur flask shaking can 
only be avoided by the use of the flask depicted in Fig 9 With 
any other variety it is necessary to mamtam a number of flanks 
for each species of yeast, and each one wiU only serve for a few 
infections On the other hand, no effect of temperature hsbs been 
observed durmg storage All physiological laboratories concoi*nocl 
with fermentation possess such collections of preserved growtliH. 
The author’s collection of species which have been gradually intro- 
duced into practice dates back to the year 1884, and numborH- 
many specimens Not a few of these species have retained thowe 
properties which are of mdustnal value for more than ten yearn. 
In the case of top-fermentation yeasts generally used m the brewing 
industry, it has, however, been found necessary, at not too long 
mtervals, to renew the saccharose-culture by repeated fermenta- 
tions in wort, m order to prevent them from losing the charactern 
appreciated m practice According to Hansen’s and the autlxor'n 
experiments yeasts may be kept alive under such condition r for 
many years 

The (hymg of %ndustnal yeast for preservation and despatch 
has been earned out by different methods from time to time. 
Extensive experiments were undertaken by WiU with mixtuj'cs 
of washed and pressed brewery bottom-yeast with infusorial eartli , 
gyiisum, charcoal, asbestos, etc , the mixture, after drying at 
a temperature rising to 40^^ C , was placed in tins, which wore 
soldered Even 13 years after the yeast was submitted to this 
treatment, hvmg cultui'e-yeast cells could be found m a charcoal 
mixture, and after 17 years wild yeast cells were still alive in an 
asbestos mixture The best preservatives were found to be charcoal 
and gypsum, actmg as dehydrating agents Heron used a mixture 
of yeast and dextrose, kneaded together and sohdified One special 
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treatment oonBists m liquefying pressed yeast by an addition of 
sugar (10 per cent ) and then drying the hquid yeast at 50° 0 
Brewery yeast must first be depnved of part of its albuminoid 
matter by aeration in the sugar solution Yeast treated in this 
way IS said to retam some 90 per cent of its cells alive. By another 
method yeast is grown for some hours m a very dilute sugar- 
solution, and mixed with a small dose of asparagine (5 g per 50 kg ) 
before pressing and drymg Direct drying of industnal yeast 
without employmg any admixture, is accomplished by various 
processes, m which the pressed yeast, either m thm layers or in 
the form of threads or rods, is exposed either to the usual or to a 
rising temperature, the moisture bemg quickly removed by a rapid 
current of air It has proved greatly beneficial to expose the yeast 
before drjung to mtense aeration m an aqueous or a dilute sugar 
solution or a very dilute malt extract Tho aeration is stopped 
when the cell-vacuoles have disappeared , the yeast is then centri- 
fuged and dried at 65° to 65° C until the amount of water is reduced 
to 10 per cent The dned yeast is put with a hygroscopic substance 
mto air-tight camsters 
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Pemoilhura, 176 
Peptomsmg haot , 148 
Peionospoia, 209 
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exiguiis, 340 

flava laotis, 344 
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Thermoplulous bactena, 76. 
Tobacco, Permentation of, 164. 
Torula, 367. 

a, 372. 



ESrDHX- 


467 


Torula, A, 373 

amara, 380 

aurantiflca, 378 

B, 373 
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